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Figure. 7: Restriction nap of pDH5. See figure 6 
for legends to symbols. 
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DNA FRAGMENT 



Background of Invention 



Field of Invention 

The present invention relates to a DNA fragment isolated from a C. glutamicum strain coding for PEPC 
and to recombinant DNA carrying said fragment, strains carrying the recombinant DNA and to the method 
for producing L-amino acids using said strains. 



Description of the Prior Art: 

The enzyme phosphoenolpyruvate carboxylase (EC 4.1.1.3.1 ; PEPC) is of particular interest in the 
metabolism of amino acids, since it is involved in a so-cailed anaplerotic function, which ensures a constant 
supply of oxaloacetate to the cell. 

Oxaloacetate in turn occupies a central position in the metabolism of amino acids, both as the 
immediate precursor of L-aspartate and as a member of the tricarboxylic acid (TCA) cycle. Indeed, amino 
acids such as L-lysine. L-methionine, L-threonine and L-isoleucine derive from L-aspartate in a series of 
branched and highly interregulated biosynthetic pathways, whereas amino acids such as L-glutamate, L- 
glutamine, L-proline. L-arginine, L-citrulJine, L-ornithine etc. derive from intermediates of the TCA cycle. 

Thus, PEPC ativity is implicated in the biosynthesis of all the amino acids hereabove mentionned. 

It is apparent from the above considerations that the biosynthetic levels of amino acids, such as L- 
lysine, might vary depending on the intra-cytoplasmic specific activities of enzymes such as PEPC. 

Considering the important role played by PEPC in the biosynthesis of amino acids, it has always been 
desirable to try to provide improved means for the production of amino acids by increasing the activity of 
PEPC. 

For example, European Patent Application EP-A-0143195 discloses the cloning of the ppc gene isolated 
from Brevibacterium lactofermentum ATCC 13869 and the transformation of bacteria"of the genera 
Corynebacterium with a recombinant plasmid, carrying said gene in order to produce L-lysine or threonine. 

The prior art has also described Corynebacterium melassecola strains transformed with a recombinant 
plasmid DNA carrying the ppc gene of Cmelassecoia. 

These strains show an increased PEPC activity, but no evidence is provided for an increase of amino 
acid production (FR-A-2581653). 

There is no suggestion in these publications to enhance the fermantative production of amino acids, 
especially L-lysine, by cloning the ppc gene isolated from Corynebacterium glutamicum. 



Summary of the Invention: 

The inventors have discovered that, when introducing the genetic information coding for PEPC into an 
appropriate vehicle capable of replicating in Corynebacteria or Brevibacteria, and the resulting hybrid 
vehicle carrying said genetic information is replicated in an appropriate Corynebacterium or Brevibacterium 
host or recipient, the transformed microorganism is an excellent producer of L-amino acids, especially L- 
[ysine. 

This invention is of particular interest since many strains of Brevibacterium and Corynebacterium 
genera producing high amounts of L-amino acids can be utilized as hosts. 

The invention thus relates to a process for the fermentative production of L-amino acids and to the 
various genetic and microbiological elements involved in said process. For example, the invention relates to 
the isolated form of the gene for PEPC, to various vehicles containing said gene, which vehicles are 
replicable in above mentioned bacteria, to various microbes of said microorganisms containing such 
vehicles, and to various fermentation processes for the production of L-amino acids. 



Description of the Preferred Embodiments: 
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The present invention relates to a DNA fragment isolated from a C.glutamicum strain containing a 
genetic sequence comprising information coding for the production of a protein having the activity of 
phosphoenolpyruvate carboxylase (PEPC). 

The donor may be one which is either mutated in ppc gene, or which is wild type in ppc gene. 

5 The DNA fragment consists essentially of 3422 base pairs, is flanked at its terminii by Sal I restriction 
sites and is coding for the production of PEPC, which shows the N-terminal amino acid sequence Thr' - 
Asp -Phe - Leu - Arg 5 -Asp - Asp - lie - - Arg - Phe 10 -Leu - Gly - Gin - lie - Leu 15 . 

The structural gene coding for PEPC consists of 2757 base pairs. 
The PEPC of interest is not stimulated by acetyl CoA. 

to A recombinant DNA containing a DNA fragment consisting of the ppc gene can be constructed 
according to conventional methods for example, by digesting chromosomal DNA and vector plasmid with a 
restriction enzyme, followed by treatment with a DNA ligase or by digesting chromosomal DNA and vector 
plasmid with a restriction enzyme, followed by treatment of cleaved terminals with terminal transferase. 
DNA polymerase, etc.. and succesive treatment with a DNA ligase, etc. (Methods in Enzymology 68 (1979)). 

75 To isolate the ppc gene, a genomic bank of C.glutamicum ATCC 13032 was constructed in the plasmid 
pUC18, a vector commonly used for cloning in the gram negative bacterium E. coli. The ppc gene was 
isolated by complementation of known E. coli mutant strains affected in the corresponding genes. 
Candidates clones were analysed and shown both* genetically and enzymatically to bear inserts containing 
the sought after gene. 

20 The ppc gene was later subcloned onto so-called plasmid shuttle vectors (vehicles) allowing its 
propagation in both E., coli and the original Corynebacterium host, or any type of glutamate producing 
strain, in order to provide a recombinant DNA molecule containing the new DNA fragment inserted in a 
vector capable of replication in a glutamate producing strain. 
Of particular interest are the vectors pZI and pCV 22. 
25 Plasmid pZI comprises a drive unit region capable of propagating in Coryneform glutamic acid 
producing bacteria and E.coli. and having at least a region to express resistance to a drug. 
pZI is disclosed in the German Patent Application 37 37 729.9. 

pCV 22 is an essentially pure plasmid. which is characterized by a length of 4.5 kb and a restriction 
endonuclease clevage chart shown in Figure 6. 
30 The vectors can be obtained from the cells of microorganisms on deposit, by lysing the cells according 
to the state of art. 

The recombinant DNA containing the ppc gene of wild type or mutant type can be introduced into 
microorganisms preferred of the genus Corynebacterium or Brevibacterium by known transformation 
methods. 

35 Vehicles capable of replication in said microorganisms are the plasmids pDM 2 or pDM 6 (restriction 
maps shown in Figure 5 and 7). 

C.glutamicum, C.melassecola. B.lactofermentum and B.flavum are preferred as recipients or hosts, 
especially bacteria already known for the production of amino acids. 

For the expression of the ppc gene in the transformed strains, any promoter known as efficient in 
do Corynebacterium or Brevibacterium can be used. They may be endogenous promoters of these strains, that 
is promoters controlling the expression of genes originally belonging to the strain. They may also be 
exogenous promoters, among which the promoter ptac, plac. ptrp, P n and P L of phage X, can be 
mentionned. 

A further object of the invention is a process for the production of an amino acid selected especially 
45 from the group L-lystne. L-methionine. L-threonine. L-lsoleucine. L -glutamate. L-glutamine, L-proline. L- 
arginine, L-citrulline and L-omithine especially L-lysine. 

The methods of culturing the L-amino acid producing strains thus obtained are conventional, and are 
similar to the methods for the cultivation of known L-amino acids producing microorganisms. 

The culture medium employed can be a conventional medium containing carbon sources, nitrogen 
so sources, and organic ions and. when required, minor organic nutrients such as vitamins and amino acids. 
Examples of suitable carbon sources include glucose, sucrose, lactose, starch hydrolysate and molasses. 
Gaseous ammonia, aqueous ammonia, ammonia salts and other nitrogencontaining materials can be used 
as the nitrogen source. 

Cultivation of the transformed organisms containing the vehicle carrying the ppc gene is conducted 
55 under aerobic conditions in which the pH and the temperature of the medium are adjusted to a suitable 
level and continued until the formation of L-amino acid ceases. In a preferred embodiment a transformed 
Corynebacterium glutamicum is used, selected from the group of those having the identifying characteris- 
tics of Corynebacterium glutamicum DSM 4697 deposited under the provisions of the Budapest Treaty on 

3 
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July 8, 1988 at Deutsche Sammlung von Mikroorganismen (DSM). 

The amino acids, which accumulate in the culture medium, can be recovered by conventional 
procedures. 

By the methods of the present invention, L-amlno acids, especially L-lysine, can be produced in higher 
s yields than has been achieved in previously known methods using artificial mutants of Brevi bacterium and 
Corynebacterium. 

Having generally described this invention, a further understanding can be obtained by reference to 
certain specific examples, which are provided herein for purposes of illustration only, and are not intended 
to be limiting, unless otherwise specified. 



1. Isolation of the Corynebacterium glutamic urn ATCC13032 ppc gene. 



75 1.1 Construction of genomic bank of C glutamlcum ATCC13032 

Total DNA from C. glutamicum ATCC13032 was Isolated as described by Chater et al. (Curr. Topics 
Microb. Immunol. 96, 69 pp (1982)) and partially digested with Sau3AI. Fragments ranging in size from 4-20 
kb were purified from low melting temperature agarose. The DNA solution, was dialyzed against 2 L of TE 

so buffer (Tris 10 mM, EDTA 1 mM). 2 ug of size fractionated chromosomaJ DNA was ligated using T4 DNA 
Ligase with 1 ug of plasmid pUC18 (Yanish-Perron, C. et al. (1985) Gene 33. 103 pp) which had been 
digested with BamHI and treated with alkaline phosphatase. 

E. coli NM522 (Gough, J.A. and Murray, N.E. (1983) J. Mol. Biol. 166, 1 pp) was transformed according 
to Hanahan (J. Mol. Biol. 166. 557 pp (1983)) with the ligation mixture and transformants were selected at 

2$ 37°C on LB agar plates (Davis. R.W. et al. (1980) Advanced Bacterial Genetics. Cold Spring Harbor 
Laboratory) containing ampicillin (100 ug/ml) and 5-bromo-4-chioro-indolyl-/S-D-galactopyranoslde (X-gal, 50 
ug/ml). 80 % of clones were colourless on X-gat plates, indicating the presence of inserted DNA. To 
estimate more precisely the efficiency of cloning, plasmid DNA from 46 colourless clones was examined by 
restriction enzyme digestion ; 7 % of clones contained no inserts; 41 % of clones contained small inserts 

30 with an average size of 0.5 kb; 52 % of clones contained inserts ranging in size from 1.35 kb to 8.5 kb with 
an average size of 5 kb. 

In total 10 4 clones were obtained upon transformation of strain NM522. These clones were pooled in 4 
families (CgSA, CgSB. CgSC and CgSD) and plasmid DNA was prepared by CsCI-EtBr density gradient 
centrifugation. 

35 

1.2 Cloning of the ppc gene 

Competent ce|| S of E coli XH11 (Mountain, A. et al.(1984) Mol. Gen. Genet 197, 82 pp) were 
40 transformed with 5 x 200 ng of each of the families of the C. glutamicum gene bank. Transformation mixes 
were spread on M9 agar (Miller, J.H. (1972) Experiments in Molecular Genetics, Cold Spring Harbor 
Laboratory) plus arginine (50 ug/ml) and ampicillin (100 ug/ml) and on LB plus ampidliin (100 ug/ml). A 
transformation frequency of 10*/ug was obtained on LB plus ampicillin. 108 clones were isolated on M9 
agar containing arginine and ampicillin from the transformation with family CgSD. Restriction enzyme 
46 digestion of isolated DNA indicated that all clones contained the same plasmid. The plasmid (pTG1200) 
consisted of pUC18 plus an insert of approximately 5 kb. A restriction map of the insert of pTGl200 is 
shown in Figure 1. Retransformation of XH11 by pTG1200 led to complementation of the ppc mutation. 
Southern hybridisation (Maniatis. T. et aJ. (1982) Molecular Cloning, Cold Spring Harbor Laboratory) 
confirmed that chromosomal DNA of C. "glu7amicum ATCC13032 had been cloned in pTG1200. 

50 

1.3 Localization of the ppc gene on the cloned DNA fragment 

To better localize the ppc gene, subcloning experiments were undertaken. Digestion of pTG1200 with 
55 Sail generates an internal fragment of 3.5 kb (Figure 1). pTG1200 digested with Sail was ligated with Sail 
cut p8R322 (Bolivar. F. et al. (1974) Gene 2, 95 pp). To eliminate religated pTG1 200 molecules the ligation 
mixture was digested with Xbal. E. coli XH11 was transformed with the ligation mixture and plated on M9 
agar containing arginine and ampicillin. Plasmid DNA of complemented clones was examined and found to 



4 



EP 0 358 940 A1 



consist of pBR322 plus the 3.5 kb Sail fragment of pTGl200, 

The constructed plasmid was designated pTGl20l (Figure 2) and the corresponding strain 
XH11 pTG120l. 

1.4 Measurement of enzyme activity In C. glutamlcum ATCC13032 and in E. coli clones carrying a 
recombinant plasmid containing the DNA fragment with the C. glutamicumppcgene. 



Phosphoenolpyruvate carboxylase activity was assayed in a giutamicum ATCC13032 and in E. coli 
strain XH11 pTGl201. E. coli strain MM294 (Hanahan, D. (1983) J. Mol. Biol. 166. 557 pp) was usecTasli 
positive control and strain XH11 as negative control, C. giutamicum ATCC13032 was cultivated in MMYE 
medium (Katsumata. R. et al. (1984) J. Bact. 159, 306 pp) and E. coli strains in M9 medium supplemented 
with arginine (50 ug/ml) and ampicillin (100 ug/ml) in the case of XH11/pTGl201, with thiamine (200 ug.l) in 
the case of MM294 and with sodium succinate (5 g/l) and arginine (50 ug/ml) in the case of XH11. The 
growth conditions were 37°C and 150 rpm for E. coli strains and 30°C and 150 rpm for C. giutamicum. 

The cultures were harvested by centrifugation at the beginning of the stationary phase of growth and 
washed three times with a buffer composed of 100 mM Tris/Hcl pH 7.5 and 1 mM DTT. Disruption of the 
cells was performed in a glass bead mil! (MSK-Homogenisator; B. Braun Melsungen, FRG). PEP carbox- 
ylase activity in the clear supernatents was determined after extensive dialysis against 100 mM Tri&Hcl pH 
7.5; 0.8 M (NHi/SO*; 1 mM DTT. The modified malate dehydrogenase coupled assay (Ozaki, H. and Shiio, 
J. (1969) J. Biochemistry 66, 297 pp) was used and NADH disappearance was followed photometrically at 
340 nm. The assay mixture included the following components: 6 mM PEP; 10 mM NaHC0 3 ; 100 mM 
Tris/HCI pH 7.5; 0.15 mM NADH; 2 U/ml malate dehydrogenase (pig heart); 3.3 mM MnSO* and PEP 
carboxylase preparation in a final volume of 1 ml . Unspecific NADH decomposition was measured before 
starting the reaction by addition of Mn*\ Protein concentration was determined by the methods of Lowry et 
al. (Lowry, O.H. et al. (1951) J. Biol. Chem. 193, 265 pp) or Bradford et al. (Bradford. M.M. (1976) AnalyT 
Biochem. 72, 248 pp). 

The data shown in Table 1 confirm that the 3.5 kb Sail DNA fragment cloned from C. giutamicum 
ATCC13032, contained in plasmid pTGl201 t encodes the phosphoenolpyruvate carboxylase gene! 

In particular, the effect of acetyl-CoA known to stimulate phosphoenolpyruvate carboxylase from E. coli 
(Izui. K. et al. (1981) J. Biochem. 90. 1321 pp) and Brevibacterium flavum (Ozaki. H. et al. (1969)~ 
Biochem. 68. 297 pp) was investigated. From the results shown in Table 1 it is evident thai pliosphoenot- 
pyruvate carboxylase from C. giutamicum ATCC13022, either produced in its original host or as a result of 
cloning into E. coli to form strain XH11/pTG1201. is not stimulated by acetyl-CoA under the assay 
conditions described above. 



Table 1 



Strains 


Phosphoenolpyruvate carboxylase 
activity (U/mg protein) 


without 
acetyl-CoA 


in the presence 0.2 
mM acetyl-CoA 


C. giutamicum ATCC13032 
E.COli MM294 

E. coli XH11/pTG1201 
E.coli XH1 1 


0.226 
0.035 
1.010 
0.0 


0.225 
0.158 
1.090 
0.0 


Phosphoenolpyruvate carboxylase activity in dialyzed 
homogenates obtained from C. giutamicum and from different E. 

coli strains. 



2. Determination of the nucleotide sequence of the ppc gene of C. giutamicum ATCC13032. 

The nucleotide sequence of the entire 5 kb insert of pTG!200 was sequenced using a shot 
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approach (Messing, J. et al. (1981) Nucleic Acids Res. 9, 309 pp). The Sma i site of pTG1200 was replaced 
by an Xbal site by cloning of a blunt ended oligomer (GTGTCTACAGTG) to generate a new plasmid called 
PTG1202. 10 ug of the 5.0 kb Xbal insert of PTG1202 was purified from low-melting-temperature agarose. 
The fragment was re-circularised using T4 DNA ligase, randomly fragmented by sonication and finally blunt 

s ended using Klenow polymerase in the presence of 2 mM of each dATP, dGTP f dCTP and dTTP. 
Fragments ranging from 300-800 bp in size were isolated from low melting point agarose and ligated with 
Sma l digested M13mp8 phage (Messing. J. and Vieira, J. (1982), Gene 19. 269-276). 160 clones were 
sequenced by the chain termination method (Sanger, F. et al. (1977) Proc. Natl. Acad. Sci. USA 74, 5463 
pp) and over-lapping clones indentified by computer-aided analysis (DNASTAR, Inc., 1801 University Ave. 

w Madison. WI53705 t USA). The entire sequence of the inserted DNA fragment contained in pTGl202 bearing 
the ppc gene of C. glutamlcum ATCC13032 is shown in Figure 3. 

The entire sequence which has been determined is 4885 bp in length. A search for possible protein 
encoding regions has revealed a long open reading frame (ORF) showing homology to ppc gene sequences 
from E. coli (Fujita, N. et al. (1984) J. Biochem. 95. 909 pp) and other organisms (katagiri, F. et al. (1985) 

15 Gene 38, 265 pp and Izui, K. et al. (1986) Nucleic Acids Res. 14. 1615 pp) indicating that this ORFencodes 
the PEP carboxylase gene. This ORF is contained within the 3.5 kb Sail DNA fragment extending between 
coordinates 652 and 4077. cloned in pTG1201. Sequence analysis identified two possible start sites of 
translation (coordinates 921 and 906) giving rise to a protein product of either 919 or 924 amino acids 
respectively. 

20 

2.1 Determination of the N-termfnal sequence of the PEP carboxylase protein. 

In order to precisely identify the initiation codon of the ppc gene product, the N-terminal amino acid 

25 sequence of the PEP carboxylase protein was determined. 

Purification of PEP carboxylase from C. gfutamicum ATCC13032 was performed after disruption of the 
cells using a glass bead MSK-Homogenisator. After precipitation of nucleic acids by 0-3% Streptomycine 
sulphate, a fractionated (NhU^ SO* (0-50% and 50-70%) precipitation was performed. The redissolved 
pellet from the 50-70% (NH 4 >2 SO* precipitation was diaiyzed against starting buffer (20 mM Tris/Hcl pH 

30 7.5; 100 mM (NH*k SO* ; 1 mM DTT) and further purified by ion exchange chromatography on Q 
Sepharose fast flow. Gel-filtration on Sephacryl S300 superfine was then performed with the concentrated 
PEP carboxylase fractions: elution was with stabilizing buffer (100 mM Tris/Hcl pH 7.5; 800 mM (NH*)2 
SO*; 1 mM DTT). Finally, samples were processed through an affinity chromotography step on Blue 
Sepharose, eluted using L-aspartate (70 mM) and diaiyzed against stabilizing buffer to remove aspartate. 

35 The homogenous PEP carboxylase fractions - as proved by SDS-PAGE - were then concentrated by a 
factor of about four using a speed-vac concentrator at 5°C. 

Desalting of enzyme fractions (1 ml containing about 25 ug of protein) was performed by dilution with 5 
ml TRIS/HCI 100 mM pH 7.5. Samples were then concentrated to a final volume of 1.5 with a 8400 Amicon 
concentrator using a YM30 membrane (2.5 cm diameter). This procedure was repeated twice. The 

40 concentrated solution was divided into three (2 ml) Eppendorf tubes. Protein precipitation was then 
performed at -80°C 48 h after addition of ethanol (2 ml) in each Eppendorf tube. Pellets were pooled, 
washed twice with -80°C cooled ethanol/water (80720 V/V). Samples were loaded on a precycle filter for 
sequencing after solubilization in formic acid. Sequencing was performed on an Applied Biosystem 470A 
protein sequencer with an on-line 120A PTH-analyser. 

45 The obtained sequence is the following: 

Thr 1 -Asp-Phe-Leu-Arg s -Asp-Asr>IIe-Arg-Phe- t0 -Leu-Gly-Gfn-lle -Leu 15 

This result shows that PEP carboxylase is encoded by the ORF of 919 amino acids stretching between 
the ATG codon at position 921 and the TAG codon at position 3678. The initiation codon lies about 14 base 
pairs downstream from a putative Shine-Dalgarno sequence (coordinates 900-908, Figure 3). 

so 

3. Cloning and expression of the ppc gene from C. glutamlcum ATCC13032 In G. glutamlcum 

ATCC13032. 

55 

ai Construction of the C. glutamlcum/E. coll shuttle vector pZ1. 

The structure of the plasmid shuttle vector pZl is shown in figure 4. H was constructed from E. coli 
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vector pACYC177 (Chang, A.C.Y. and Cohen, S.N. (1978) J. Bact. 134, 1141 pp) and from C. glutamicum 
plasmid pHM1519 (Miwa, K. et al. (1984) Agric. Biol. Chem. 48, 2901 pp) as disclosecTin Deutsche 
Patentanmeldung 3737729.9 E. coli strain DM272-3 containing plasmid vector pZl was deposited at the 
Deutsche Sammlung von Mikroorganismen under DSM4242. 



&2 Cloning of the ppc gene onto the C. glutamicum/E. coli shuttle vector pZ1. 

Plasmid pTGl200 was isolated from E. coli XH11/pTG1200 and partially digested with Sau3A and 
plasmid pZ1 isolated from DM272-3 (= DSM4242) was linearized with Bqlll. Both DNAs were mixed! ligated 
with T4 DNA Ugase and the ligation mixture used to transform E. col[ XH11. Transformants were selected 
on M9 agar containing arginine (50 ug/ml) and Kanamycin (10 ug/ml). Plasmid-DNA from one of the 
transformants called XH1VpDM2 was isolated and characterized by restriction mapping. The structure of 
pDM2 is shown in Figure 5. Enzyme measurements revealed that strain XH11/pDM2 had a phosphoenol- 
pyruvate carboxylase activity which was not stimulated by acetyl-CoA (Table 2) as was shown in Table 1 for 
strain XH11/pTGl201. 



Table 2 



Strains 


Phosphoenolpyruvate carboxylase 
activity (U/mg protein) 


without 
acetyl-CoA 


in the presence of 0.2 
mM acetyl-CoA 


C. glutamicum ATCC 13032 

E. coli XH1 1 

E. coli XH11/pDM2 


0.226 

0.0 

0.261 


0.225 

0.0 

0.272 


Phosphoenolpyruvate carboxylase activity in diaiyzed homogenates 
obtained from C. glutamicum ATCC13032 and from E. coli strains 

XH11 and XH11/pDM2. 



3.3 Construction of the C. glutamicum vector PCV22. 

Plasmid pHM1519 (Miwa, K. et al. (1984) Agric. Biol. Chem. 48, 2901 pp) isolated from C. glutamicum 
ATCC13058 was cut with Bglll and ligated to the pUCB (Vieira, J. and Messing, J. (1982) Gene 19. 259 pp) 
derivative pSVB21 (Arnold. W. et al. Gene (1988) 70. 171 pp) cut with BamH I. The ligation mixture was 
used to transform E. coli strain JMB3 (Vieira, J. and Messing. J. (1982) Gene!?. 259 pp) and transformants 
were selected on LB agar containing ampicillin. Plasmid DNA was isolated from one of the transformants 
and called pECSlOO. 

The Kanamycin resistance gene of Tn5 (Jorgensen, R.A. et al. (1979) Mol. Gen. Gen. 177. 65 pp) was 
isolated as an Xhol-Saft DNA fragment from a pACYC184 (Chang, AC.Y. and Cohen, S.N77T978) j. Bact. 
134, 1 141 pp) derivative carrying Tn5 and inserted into the Sail site of pECS 100 to form pECS300 which 
was transferred to C. glutamicum ATCC13032 by transformation (Yoshihama, M. et at. (1985) J. Bact. 162 
591 pp). ' * 

Plasmid pECS300 was isolated from strain ATCCl3032/pECS300 digested with Smal. religated and 
used to transform C. glutamicum ATCC13032. Plasmid was isolated from one oflhe transformants. 
characterized by restriction mapping and called pECS330. 

The E. coii replicon including the ^-lactamase resistance gene was deleted from pECS330 by digestion 
with Hind lll, religation and transformation to form the C. glutamicum vector pCV20. 

Plasmid pCV20 was digested with Smal and ligated with the 0.322 Kb Pvull fragment of pUCl9 carrying 
the E. coli lacZ promoter and the multiple cloning site (Yanisch-Perron. C. et al. (1985) Gene 33. 103 pp). C. 
glutamicum ATCC13032 was transformed with the ligation mixture. Plasmid DNA was isolated from one of 
the transformants, named pCV22 and its structure confirmed by restriction mapping. The structure of 
pCV22 including its construction as described above is shown in figure 6. 
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3.4 Cloning of the ppc gene onto the <X glutamlcum vector pCV22. 

Plasmid pDM2 was isolated from E. coll strain XH11/pDM2 by ethidium bromide CsCI density gradient 
centrifugation and used to transform C. glutamicum ATCC13032 as described by Yosbihama et al. (J. Bact. 
162. 591 pp (1985)). Plasmid DNA was isolated from one of the transformants and showrTto" have the 
structure of pDM2. 

Plasmid pCV22 was isolated from ATCCl3032/pCV22 cut with Sail and treated with calf intestine 
alkaline phosphatase. Plasmid pOM2 was cut with Salt and Sma l. Both DNA f s were mixed, ligated with T4 
DNA Ligase and the ligation mixture used to transform C. glutamicum ATCC13032 (Yoshihama. M. et al. 
(1985) J. Bact 162. 591 pp). Plasmid DNA designated pOM6 was isolated from one of the transformants 
and characterized by restriction mapping. The structure of pDM6 is shown in Figure 7. 

3.5 Measurement of enzyme activity in (X glutamlcum clones carrying a recombinant plasmid 
containing the DNA fragment with the ppc gene* 

Phosphoenolpyruvate carboxylase was measured in C. glutamicum strains ATCC13032/pCV22, 
ATCCl3032/pDM2 and ATCC13032/pDM6. The result is shown in Table 3. 

Table 3 



C. glutamicum 
strains 


Phosphoenolpyruvate carboxylase activity 
(U/mg protein) in the absence of acetyl-CoA 


ATCC13032/PCV22 


0.250 


ATCC13032/pDM2 


0.240 


ATCC13032/pDM6 


0.996 


Phosphoenolpyruvate carboxylase activity in dialyzed 
homogenates obtained from different C. glutamicum strains. 



4. Effect of plasmid pDM6 on PEP carboxylase activity and on the lysine excretion of the lysine 
excreting strain C glutamicum DM58-1. 

C. glutamicum strain DM58- 1 is a derivative of strain ATCC13032, resistant to 50 mM of the L-lystne 
analogue S-2-aminoethyl-DL-cysteine, obtained after conventional N-methyl-N -nitro-N-nrtrosoguanidine 
mutagenesis. 

Plasmid pDM6 and as a control plasmid pCV22 were introduced into C. glutamicum DM58-1 to give 
strains DM58-1/pDM6 and DM58-1/pCV22. Strain DM58-1/pDM6 was deposited at the Deutsche Stamm- 
sammlung von Mikroorganismen under DSM4697. The results obtained by measuring the specific PEP 
carboxylase activity and the concentration of excreted lysine as well as sucrose consumption are shown in 
Table 4. 

The stimulating effect of the elevated level of PEP carboxylase exerted by the cloned ppc gene of 
plasmid pDM6 on the concentration of lysine excreted and in particular on the yield which is tnTamount of 
lysine formed per amount of sucrose consumed is evident. 
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Strains PEP carboxylase Concentration of Yield 

activity L-lysine excreted a L-ivsine 

(U/mg protein) (g/1) g sucrose 



C. olutamicum 
w DM58-1 



0.275 



16.1 



0, 170 



is 



20 



C. Qlutamicum 
0H5B-1/pCV22 

C. olutamicum 
DK58-1/pOH6 



0.240 



15.9 



0.955 



17.9 



0.173 



0.198 



25 



Table 4 s Effect of increased level of PEP carboxylase on 

lysine excretion by C. olutamicum - 



30 



35 



The cultivation was carried out in 100 mi-flasks with indentations containing 10 ml of a medium 
composed of 12 g/i ammoniumsulfate, 240 g/l molasses. 60 ml/l soy bean protein hydrolysate and 10 g/l 
CaCOs. In the case of strains DM58-1/pCV22 and DM58-1/pDM6 the medium contained 20 ug/ml 
kanamycin. Incubation was carried out for 48h at 30°C and at 300 rpm. After completion of the cultivation 
lysine in the culture supernatant was quantitatively determined by amino acid analyzers using ion exchange 
chromatography and ninhydrin detection. Sucrose was quantitatively determined by an enzymatic assay 
using invertase coupled to hexokinase and glucose-6-phosphat dehydrogenase (Technicon Application Note 
AAII: Saccharose and Glucose). 



40 



45 



so 



5. Effect of plasmid pOM6 on the threonine and isoleucine excretion of strain B. flavum DM368-2 

2: flavum strain DM 368-2 is a derivative of strain ATCC14067. resistant to 4 mg/ml of the threonine 
analogue a-amino-0-hydroxy-valeric acid, obtained after conventional N-methyl-N'-nitro-N-nitrosoguanidine 
mutagenesis. 

Plasmid pDM6 was isolated from C. glutamicum DM58-1/pDMB (= DSM4697) and introduced into B. 
flavum DM368-2 to give strain DM368-2/pDM6. Strain DH368-2 was deposited at the Deutsche Sammlung 
von Mikroorganismen under OSM 5399. The effect of plasmid pDM6 on the concentration of excreted L- 
threonine and L-isoleucine as well as sucrose consumption are shown in Table 5. 

The stimulating effect of the cloned ppc gene contained in plasmid pDM6 on the concentration of 
threonine and isoleucine excreted and in particular on the yield which is the amount of amino acid formed 
per amount of sucrose consumed is evident. 
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Strains Amino acid Concentration Yield 

excreted of amino acid o amino acid 

excreted g sucrose 

g/x 



1* flavum DM3SB-2 L-threonine 3.32 0.0324 

W l-isoleocine 0.92 0.0090 

&• flavum DH36B-2/pDM6 L-threonine 3.77 0.0370 

L-isoloucine 1.08 0.0106 



IS 



20 



30 



40 



45 



50 



Table 5: Effect of pOHG on threonine and isoleucine excretion by 
£. flivum. 



The cultivation was carried out as described under 4. 
Figure 1: Restriction map of the insert of pTGl200. 
Figure 2: Restriction map of pTGl201. 

Figure 3: Nucleotide sequence of the DNA fragment inserted into pTGl200 containing the ppc gene. 
25 Figure 4: Restriction map of pZ1 . 

Figure 5: Restriction map of pDM2. 

Figure 6: Construction and restriction map of pCV22. 

Rgure 7: Restriction map of pDM6. 



Claims 



1. A DNA fragment isolated from a C.glutamicum strain containing a genetic sequence comprising 
information coding for the production of a protein having the activity of phosphoenolpyruvate carboxylase 

35 (PEPC). 

2. The DNA fragment of Claim 1, which consists essentially of a fragment of 3422 base pairs flanked at 
its terminii by Sal I restriction sites. 

3. The DNA fragment of Claim 1 or 2, which consists of 2757 base pairs coding for the structural gene 
of PEPC. 

4. The DNA fragment of any of the Claims 1, 2 or 3 coding for the production of PEPC, which shows 
the N-terminal amino acid sequence Thr* - Asp - Phe - Leu - Arg 5 - Asp - Asp - He - Arg - Phe 10 - Leu - 
Giy-Gln-lle-Leu 15 . 

5. The DNA fragment of any of the Claims 1, 2. 3 or 4 isolated from Corynebacterium glutamicum 
ATCC 13032. 

6. A vehicle capable of replication in Corynebacterium or Brevibacterium containing the DNA fragment 
of any of the Claims 1 , 2, 3, 4 or 5. 

7. The expression vehicles of Claim 6, which are the plasmids pDM2 or pDM6. 

8. A host bacterium belonging to the genus Corynebacterium or Brevibacterium containing the vehicle 
of the Claims 6 or 7, optionally producing the amino acid of interest 

9. A Corynebacterium which is selected from the group of those having the identifying characteristics of 
DSM 4697. 

10. A Brevibacterium which is selected from the group of those having the identifiying characteristics of 
DSM 5399. 

11. A method of producing L-amino acid selected from L-lysine, L-methionine. L-threonine. L-isoleucine, 
55 L-g!utamate, L-glutamine. L-proline, L-arginine, L-citrulline and L-ornithine by fermentation which comprises 

culturing in an appropriate medium a bacterium of Claims 8, 9 or 10 and recovering the L-amino acid from 
said medium. 

12. A method of producing L-iysine by fermentation according to Claim 11, which comprises cuituring 
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the bacterium of the Claims 8 or 9 and recovering L-lysine. 

13. A method of producing L-isoleucine and L-threonine by fermentation according to claim 11, which 
comprises culturing the bacterium of the Claims 8 or 10 and recovering L-isoleucine and L-threonine. 
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FIGURE 2 : RESTRICTION MAP OF PLASMID pTG1201 

Thick line: 3.5 kb San fragment bearing the pp£ ORF. 
Thin line : pBR322 vector. * indicates position and 
orientation of the promoter'of the tetracycline 
resistance determinant. 
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Figure 4: Restriction map of pZ1 
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Figure 5: Restriction map of pDH2 
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Figure 6 contd.: Construction ano restrict 

of pCV22. Legend; to symb 
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Figure- 7: Restriction map of pDH6. See figure 6 

for legends to symbols. 
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m&m i ] =>y *wmm&&oT k t? 

(E.C. 2. 7. 2. 4.) Sra-KtaiWDNA. 

GTGGCCCTCG TCGTACAGAA ATATGGCGGT 
AACGTCGCTG AACGGATCGT TGCCACCAAG 
TCCGCAATGG CAGACACCAC CGATGAGCTT 
CCGCCAGCTC GTGAAATGGA TATGCTOCTG 
GTCGCCATGG CTATTGAGTC CCTGGGTCCA 
GGTGTGCTCA CCACCGAGCG TCACGGAAAC 
GTGCGTGAAG CACTCGATGA CGGCAAGATC 
AAGGAAACCC GCGATGTCAC CACGTTGGGT 
TTGGCAGCTG CTCTGAACGC TGATGTGTGT 
ACCGCTGACC CGCGCATCGT TCCTAATGCT 
ATGCTGGAAC TTGCTGCTGT TGGCTCCAAG 
CGTGCATTCA ATGTGCCACT TCGCGTACGC 
ATTGCCGGCT CTATGGAGCA TATTCCTGTG 
GACAAGTCCG AAGCCAAACT AACOGTTCTG 
AAGGTTTTCC CTGCGTTGGC TGATGCAGAA 
TCCTCTGTGG AAGACGGCAC CACCGACATC 
CGTGCGATGG AGATCTTCAA GAAGCT7CAG 
GACGACCACG TCGGCAAAGT CTCCCTCGTG 
ACCGCAGACT TCATGGAAGC TCTGCGCGAT 
TCTGAGATCC GCATTTCCGT GCTGATCCGT 
CTGCATGAGC AGTTOCAGCT GGGCGGCGAA 
CGC 

•C/T$W7^^>h^t"f (E.C. 2. 7. 2. 4.) 
fca-K-f-Sfce^DNAo 

[M^4] &<dt% ;m$m 

Ut2 \ •v^£*i&TX'*ji>h*-f— j e (e.c. 2.7. 

2.4.) fca-K-TSa&FDNA. 

[ft 6 ] i ^ 4 m ^-r tiMzmMomfc* 



7'* A (Brevibacterium flavum) MJ 2 3 3"C£>£fft 
IH^3l &£>DNAJIg&?ii 

TCCTCGCTTG AGAGTGCGGA ACCCATTAGA 60 
AAGGCTGGAA ATAATCTCGT GGTTGTCTGC 120 
CTAGAACTTC CTGCGGCACT GAATCCCGTT 180 
ACTGCTCCTG AGCGTATTTC TAACGCTC7C 240 
GAGGCTCAAT CTTTCACGGG TTCTCAGGCT 300 
GCACGCATTG TTGA7GTCAC TCCAGGTCGT 360 
TGCATTGTTG CTGGTTTCCA GGGTGTCAAT 420 
CGCGGTGGTT CTGATACCAC TCCAGTTGCA 480 
GAGATTTACT CAGATCTTGA CGGCGTGTAC 540 
CAGAAGCTGG AAAAGCTCAG CTTCGAAGAA 600 
ATTTTGGTGC TACGCAGTGT TGAATAOGCT 660 
TCGTCTTATA CCAATGATCC CGGCACTT7G 720 
GAAGAAGCAG TCCTTACCGG 7GTCGCAACC 780 
GGTATTTCCG ATAAGCCAGG CGAGGCTGCC 840 
ATCAACATTG ACATGGTTCT CCAGAACGTC 900 
ACGTTCACCT GCCCTCGCTC TGACGGACGC 960 
GTTCAGGGCA ACTGGACCAA TGTGCTTTAC 1020 
GGTGCGGGCA TGAAGTCTCA CCCAGGTGTT 1080 
GTCAACGTGA ACATCGAATT GATTTCCACC 1140 
GAAGATCATC TOGATGCTGC TGCACGTCCA 1200 
GACGAAGCCG TCGTTTATGC AGGCACCGGA 1260 

1263 

Z$ttDNAZ1%G'tZ>m&x.7*7XX K 0 
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(E.C. 2. 7. 2. 4.) &=i-Ki-*«e?'*:*ir=> , J 

[0 0 0 21 L-y^Vtt. £«7 5y*fcL«&R 
10 0 0 3] 

[iae*©s«] l - y ^^©it^sMi tr 

«flHg#JH4£tt, #*SH>MStt*«rffl^tL- 

5 1-2 1 0 7 8 W^B3 5 3-1 8 3 3 ^ 
«L 2-8 6 9 2*^#«#M] • *&& 

6 0 9 9 7 fH&ftL 4MBIIB 60-62994 4$ 
WBS6 2-7 9 7 8 8 f-^SWMg] 9 b^U4d*fe. 

$ tix v ^ j: 6 l - y *s vcosit^-e 

[0 0 0 4] — r^/^h^rt^ (E. C. 2. 7. 

2.4.) fca-K-fsfce^ucri, x^ytr* 

=*V (Escherichia coli) £ SWiftfS-? 1 [Journal of B 
iological Chemistry, 25 6 > pl0228~pl0 
2 3 0, 1 9 8 1»JH] &J:<W&£tlX^Z>» 
^7A^Ifi^T^A> h^rt-f (E.C. 2. 
7.2.4.) £LTi*, '<?vkX • -y-fvu;* (Bacillus 
subtilis) , =1 y^^y • * (Cory 

neform glut ami cum) ^;&>£ll£>iX"Cv , *5 [Journal of Bi 
ological Chemistry, 2 6 2 , p8787-p879 
8, 1 9 8 7 ; Molecular Microbiology, 5_, p 1 1 9 
7-pl 2 04, 1 9 9 1#I] e U&»Ufe**£, :/f 
^^7!J tyJ* • y?s<J\ (Brevibacterium flavum) 
&m(DTXs</)sh*i-— fef (E. C. 2. 7. 2. 4.) fca 

[0 0 0 5] 

*ffl*na**(OT^^/i'h^^— t? (E.C. 2. 7. 2. 

4.) fca-Kraae-r-srwuu Si&fcT-^rai-? 

[0 0 0 6] 



36W*£fi)ci-<5fcMofc. 
[0 0 0 7] a»< L"C*»ElcJ:*tff, 

( 1 ) = y *ffl*«ft*©T-x^Vv h ^rt-f^3- 

(2) Rite^DNAdSaASnfcialfti^^^ 

K; 

(3) KT-«H1E»$tifc3y*S! 
HfllS ; £1/ 

(4) K»RK»Sitfc3!;*S!ft»S:ffli\ 

LTL- y ^>MBSi-*#ifc 

[0 0 0 8] X&W&^X £ b\C&m\cWLW-t 

[0009] *W3H© rr^/wh Hf 
ttto-tzmm. -ttzt>'hyx'<A'h*i—i> (e.c. 

2.7.2.4.) «r3-Ki-a»fi*DNA£Si*i-S*> 

[0 0 10] X*^/vh*-7— — Ki-SiSe-f-S: 
^trDNAKfr («T, r A gFf>tJ fc*»i-5r 

UtT/^^T" y • 77/^ (Brevibacterium flavu 
n) MJ233 (FERM BP-1497) *5j;t/-t<0 

[0011] ^nbo>tt«as»±4fed»e,A»rfr«:H3Hi- 

S : AWrtftt* ±IB=»y*3!*ira. utT'^T 
Ul)A'77/<AMJ-2 3 3 (F E RM BP - 1 4 
9 7) *<7>»ft«:±^#aEL, £<©ftfe*£aMSfc*IIR 

**"09JKri-* r. fcfc J: 0 £i* &wmm)i<Dffrt>&>T 

[0 0 1 2] jfci\ 7*UWfy • 77^AMJ 
- 2 3 3W»bM^DNASrWt$ 0 r<0 
ife&ttDN Afrfl^&MKiMi* flxitf E coRI^i 
v ^Tffcfe* D N A »*i" 5, 

[0 0 13] ^bn^DNAtPrK-^^n-n^^^^ 

— , 0H;ttfpHSG3 9 9 (fflB36») i;HAi, rco 
-<^^-SrfflV^T. 7^^h*t- ^aeW^IHL 

fc±ji§® (^x!) tr • a y) ^cgscso 7 
4 [xi/iy tr-^D • * ±> 

(Escherichia coli Genetic Stock Center) , *f 

A (Department of Biology, Yale University) ; P. 0. B 
ox & 6 6 6 New Haven, CT 0651 1 -744, U.S. 
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[0015] a>< br^6^6A»f>t$r^b(cii^^$ij 

K»*4rffl^XW»rU '#<bii£DN Afrit *JHB§ 
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i^^^fy £A • 7 7^MJ -2 3 3flc&&ft#3fc 
[0 0 17] C<9£5icLT#e>ft£A8r)i-<D-Ott, 

ife^utr^^y ?a - 77/UMJ-2 3 3#tf>& 
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[00 20] r^Jif»r>t-07ct$j 

^v-^ y t:T • a y (07^^77^ U phage) 
t^DNA^jM^Hi nd I I I -?#BrLT#t>ft 
5 4>-7-SRfei ODNA BtJt-o PI— T 7? o — * >/ yw±"CO 

• =1 y <Dyy<< • ^y^* 1 7 4 7 7-^ (* x 1 7 4 
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±££&to#VX #*3 V ^DNA^^t$ 

fcSJBU i^0. 1 kb^f) 1 k b*»OWffrtf5^t * 
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-f?*^ KpUC 1 1 8£fcJ*pUC 1 1 9 (£fii£ 
S!) «:I^5^->?^ I^^KIBKfc (dideoxyc 
hain termination Sanger, F. et. al. , Proc.Natl. A 
cad.Sci.USA, 7 4, p 54 6 3, 1 9 7 7 ) \Z£ *) & 

1.7 k b©DNAKjt©HE5iro*- — 

V ^ 7 A <D flq5£3ft>fe *ft L T * Y * -t? £ 

9. 4 2 l«©T$y|Kr:3— K-f 51 2 6 3©tt*3t 
[0 0 2 2] 

Hfc3] ±12<D*«fi^|*S^-rS**WOT^^ h 
4r-f-^fe3-Ki-«5t*55^Sr-&tfDNAWf>i'tt, 35* 
03 y*ffllWBIifefe#DNA^b»li$iifct>©0** 

b-r. a*ffl^e>n5DNA*j*Kii, «*j*<5^-* 

VftM Systenr-l Plus*ffllr^X'&J*S*Vfc'bWC*oT 

[0 0 2 3] £fc* H^fe^$D<^U'^^7 > y £A • 7 
7^AMJ-2 3 30?feMDNA^bW$n5*i 
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[0 0 2 4] £U:fc»»Lfc*£i*aSttl. 7 k b<DD 
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fc*tF^7*5 K^<**— fcLTtt* MM 2 3 

-21018 4^^cfB«<oy7^^ KpCRY3 
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1-1 9 1 6 8 6-^^^t24$:<oy^^ ^ K p C R Y 2 
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Op AM 3 3 0 ; 8-7 7 8 9 5^<&$8lCgE$£ 
(O p HM 15 19; 4$B8Bg 58-192900 -g-gttttC 
Ef£<OpAJ 6 5 5, pAJ61lWpAJ184 

4 ;#P§B85 7-1 34 5 0 0 -J§-tCfEffc<D p C G 1 ; » 
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£$d*£l4. 0 k b(D/7^; K0ttWflfiHMB&i]£ 
»C-?-4:^tfDNA»ffr4r«J0aiU »JK»KtEcoR 

1 *5<fct*Kp n I 2. 1 k bCD^7^5 K 
©ae»t«f6«:WI5ifte-?^*trDNA»fH-*§l9 m 



-n ^tib^w^7^-; kphsg 2 9 8 (*jg 

itSl) ©EcoRI, K p n I SWftfttfS a 1 I 
fi^trw&(ZJ:9 % 7°7*^ K^^~pCRY30 

[0 0 3 0] ±ffi:/?*5 K^*— ^>;«8§J3 

jff^tt«=fc-*-5iglBR»*att«:. ttMBW*-CI!SU 
^ri^iaA©r^*5J:t/P§L^^7^^ K-<^-£ 

[003 1] *7*7*% KpCRY3 0^^A»r 
)t^iAlt, ^7^5 KpCRY3 0*«»»*E c o 

Ri-ena**, * r letter -t?£=i- 

K-r5»&7-*«trDNAl|f>T- (Afcrtf) SrDNA'J^f 

[0032] ~<7)£0\CLX}£f&£nZ)7*7X^ KpC 
RY3 OlC#3SW0>*#SaSJ»l. 7 kb(OAlr)t^l 

^^^bCim^^V^ ^ KpCRY30-AKtd45 
Lfc 0 ^7^^ KpCRY3 O-AK©fft*#»0>iM§ 
tCo^Til, ««SMMM "OSlW+a. 

[0 0 3 3] rwi^tLTafiuasttar^/vuh^ 

ft*. 

[0 0 3 4] #f§W£j;£:/7^ K-C*K(E*L5-5 

7!J • 7 J -2 3 3 (FERM BP-1 

4 9 7) % ^l/^/^fy i >A-77^AMJ-2 3 3 
-AB-4 1 (FERM BP-1498) , 7*1/^ 
!)A ■ 7 7^AM J -2 3 3-ABT- 1 1 (F 
ERM BP-1500) , yi/^f !l !?A'77 
/UMJ-2 3 3-ABD-21 (FERMBP-1 

4 9 9) «AS*rfe>ti*. 

[0 03 5] 4*5, JilEO FERM BP-1498tf> 
fttttt, FERM BP-1 4 9 7©a«Sr**fcU-C 

-^ttttett-CifeS ttfc&BB 59-2 8 3 98t^ 
ii3-4f» . FERM BP-1 500 

(Dmftt*. FERM BP-1 4 9 7©«*SrW!EtL 

(»BBBB6 2-5 1 9 9 8^**!) . £ 
IC, FERM BP - 1 4 9 9<D^t*&F E RM BP- 
1 4 9 7 (Dffift&m&t LttD- a-T x 7^/7; 
T— tfSfS&tt3eJM*-C*>$ (&0I9H86 1 - 1 7 7 9 9 3 
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[0 0 3 6] Ztlt><DWl£.®><Dmz, T'l/Wfy^ 
A • T^-T^^ (Brevi bacterium anraoniagene 
s) ATCC 6 8 7 1 , f^lATCC 1 3 7 4 5. PAT 
CC 1 3 7 4 6 ; ^UtT^^y - x'<y 

(Brevibacterium divaricatum) ATCC 1 4 0 2 0; 
-JuVs^y-y £A • y$ h77- 7* V^A (Brevibac 
terium lactoferroentum) ATCC 1 3869 ; 
'*^T y £A • ^/^^ ^ # A (Corynebacterium glutam 
icum) ATCC 3 1 8 3 1 f$Sr?MEtt£fc* LTtfv^ 

[0037] /^*5, ur^nf^fii *a • 7 

7/<AMJ - 2 3 3 A*<0BtltiBV^^ *M*ft? 
Mt5^7^U'pBY50 2 (^086 3 -3 6 7 

8 7^s#m) M%mmmmxhz>®&& 

pBY50 2^»*t5lHSi*U\ *<D&0t£Zf 
KpBYSO 2*Hfe*+5*tfei: LTi*. fl*. 

[Bact. Rev. j}_6 p . 3 6 1 — 4 0 5 (1 97 2) # 
JR] . ±12^7* 5 KpBYSO 2£A&&}\Zf&£-rZ> 

[0 0 3 8] ^l/^/^f!J £A • 77>^MJ - 
2 3 3 0&tt&^££n£'t5&tt4>r£' y ^ytf-U 
>^ (SX : 0. 2-5 Om g/ml) t>U<ttai^y 
r>A^n^ K (jRA : 0. 2-5 0/1 g/ml) 
tr*»tc, lml SOttl 0»iaic*6J:5KIS*U 

•fa. ##***3R«*^jgjfiica*u, mss^cvm 
tix^z>m*mifcrz>o i^ia^^^^-pB 

Y 5 0 2*SMi*$nfc^nr^^'r y *A • 7 7/^AM 

j - 2 3 3 6 Mwmm h fl 6. 

[00 3 9] iOJ:5KLT»P>il5^Hf^^r y £ 
A • 77^AMJ-2 3 3ft*S«e^<0«TiB^7^5 K 

• *n KaK7«CO^r*ie>*fCV^J:5l- [Calvi 
n, N. M. and Hanawalt, P. C. , Journal of Bacteriolog 
y, 1 7 0 , 2 7 9 6 (1 9 8 8) ; Ito t K. t Nishid 
a, T. and Izaki. K. , Agricultural and Biological C 
hemistry, 5 2 , 293 (1 9 8 8) $fg] , DNA$ 
MW*.(Ds<JlsX&mWL [Satoh, Y. et al. , Journal of 
Industrial Microbiology, j>_, 159 (1 9 9 0) 0 

mi iar/7^; h'^mA-r^zt^mxh^ 
[0 0 4 0] ±ge©*ffi-e«!nE»ur#e>Jx5T^/^ 

[oo4i] mmimmm* mwm^ttm 



tf^=i— *9S-fl'. 

[0 0 4 2] ig^te, ii*. ii^lt#. 
#Tfc* ^2 0-^4 Ot:. $f£L<f*ift2 S'C-fcjS 
5t:©iBflrC*T 5 w *»atopHtt5- 
1 0. L<tt7-8ftifii:1--6-i:355-C#, 

© p HSiSdfitxitr y zmm vxn o zt^xz 

[0043] #mm*tim<oBtmmm&i±s » * t < « 1 

-^5**%, Hlc#*L<rS2-3£g%-cfc£ 0 * 
^ «f««IIH(4ii#l^7HR|t1-5d:as-Cf . Eig 

ioo4 4] z<D&?\zvxnt>tiz>%%m*b&*m 

[0 0 4 5] L-y v^^f^SKib^Ttt, 3^ 
[0 0 4 6] Ld»LT*35Wlcax.WT. — 

[0047] ?/i>^-a t ±m8$m»jLt*n#tom9 

^T, ^4L<|jJ!)2 0^4 0t, #IC^2 5-J^3 

[0 0 4 8] i^nL-y^yi^^, ffi&tttt? 

[0 04 9] 

[0 0 50] Hjfegill 

^Utr^^^y ?A • 77^UMJ-2 3 3ft*07^ 
/VH^^rt- fefSr=3- Ki-5S^^^tfDNA®f>r 
(AKfr) O^d — >fb 

(A) yUKV^^y »A « 77^AMJ -2 3 3© 
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¥3>rt*ftAiffj& [*&fifc:^3&2g, (NH 4 ) 2 S0 4 7 
g, K 2 HP0 4 0.5g, KH 2 P0 4 0.5g, MgS 
0 4 0.5g H Fe S0 4 • 7H 2 0 6 nig. Mn S 0 4 
4-6H 2 0 6mg, g*^:** 2 . 5 g , #1?^ 

^^2 0g, »i i] in;, yi/^^r 

y £A • :7^/<AM J - 2 3 3 (FERM BP-14 

9 7) £#***#»M*^««U «*Sr**fc Q » 
bixfcl§#£i Omg/mi ofltAlcy A£*tf 

1 OmM NaC 1 -2 0mMhy7iW (pH8. 
0) - ImM EDTA-2NaMl 5m 1 |Cjg®t 
tz 0 ftlC^n^-*— i?K£\ %»mBt&l 00/x g/m 

ncfc*j:5ic*anu 3 7t:-ei«fiB«fflufc 0 $e> 

*iO 7 x / ^ n p 8ffi{:HlD 
(5,000Xg, 2 0»|Hk 10~12t) U 

fco *JBfc^y— /i/Ji©|gjfc;^-f- 5DNA£#7* 

fc„ WMifcDNAlCl OmMhil^aiK (pH7. 
5) - ImM EDTA * 2NajHK5ml *ADit. 4 

[0 0 5 1] (B) jEB&x.ttcpfJ$ij 
±S (A) Mfc^l/^^T!) £A • 7 
-2 3 3OiDNA»9 0M 1 £rfcJ©Sli|SE c oR 

I 5 Ounits SrJflv\ 3 7t"CiW^^ii:^ 
ft?Lfc 0 Z<DEc oR I^DNAtr^a— 
^-pHSG3 9 9 (£S»«fcO*JR) MRHttEc 
o R I UhflL KD^fttelLfcfc©^ 
U SOmMhMigfi (pH7. 6) . 1 OmMS? 
ft^l/^h"/K ImM ATP, lOmMMgCl 
2 MT 4 DNA!)^- lunit©*j*»Sra&(WU (# 

[00 5 2] (C) T^^yu h*-?-— ££3 — 

BXJMtft* x^Utr-^KGSC 5074 
(thr Al 101, lys C1001, met L 

iooo) -e&£ [ () rtttr*A^i/h*-#-— 

(Genotype) Sr^-f] . ±IB (B) ^TitkftfcT' 
Ki!«£rfflV\ &<fc#A'>'£A& (Joumalof Mo 
lecular Biology, 5 3 , 159, 1 970) lw<tO^J 
fcn$/aiy tT-3iJCGSC50 7 4MfSlE^ 

2 HP0 4 7 g, KH 2 P0 4 2 g. (NH 4 ) 2 S0 4 1 



gv Mg S0 4 - 7H z O O.lg, ^;Vci-^2 0g^ 

[0 0 5 3] wO««S±O^W«S:*felCJ:9»««« 
U 3/7*$ KDNASrttffiU 

m^rffl^tttZZ. -?7A% KpHSG3 9 9<D&& 
2.2 k b^DNA^rtftcanx. ^£$3. 8 k b Ojf A 
DNAK^dSB«>e>*Lfc. 

[0 0 5 4] */7^^ K£pHSG3 9 9-AK^ 
[0 0 5 5] (D) T*>^/H» gfr=» — K1"S 

ac^fe^tfDNAWfr (a) mftW7?v-^>? 

±<E (C) 3g-C#^^7^^ KpHSG3 9 9-AKtC 

£fc«>Jc % /7^;KpUCH9 (SiBatJ:9HJj|R) 

^r^h^t-f^a- h-t-aaeT-Sr^tfDNA 

[0 0 5 6] ±1B (C) Mfcy^; KpHSG3 
9 9-AK£0J(&g|3?E coRK N r u I -C«I»fLfc 
*><Z>£, rfy*% KpUCl 1 9%%mm%Ec oR 
I, Sma I Ti^rLfck<0£^U SOmMhM 
$Wf£(pH7.6) „ lOmMW^W F-A', 
ImM ATP, 10mMMgCl 2 ^T4DNA!J 

»*-e*>5) . 1 swung***, 

[0 0 5 7] »e>*bfc:/?*S KS*£Jliv\ fift*^ 
V^AjSfc (Journal of Molecular Biology, 5 3 , 1 5 

9, 1970) tc<t 9 ifiie^v'i ytr-^ycGsc 

50 7 4tt&fl£inE&U ry^>yy50mg$r^ 

iltKigife [K 2 HP0 4 7g, KH 2 P0 4 2g, (NH 
4 ) 2 S0 4 1 g, Mg S0 4 • 7H 2 0 O.lg, = 
-^2 0gM^16g?r»l lt^ft?] ICfitt 

[0 0 5 8] ^©W^^WftSrfltjSfe^JiOW*^* 
U ^7;^ KDNAfcttfflU 

3. 2 k bWDNAiraK:, «*D1. 7 k bOifA 

i . 7 k b <odn Amx<mm#mmmim 

&*$ <t ra^r^^A £ ^ nutrias 1 ic^ l fc * *$ 0 -c 

^©DNA|»^iM(W««»r^«H*iailc 

[0059] *^±ie-c^/c^7^^ K«r«aMRmi 

[0 0 6 0] 
»2] 
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%2 PpUCl 1 9-AK 



Bgl II 
Hind III 



i 

2 
2 



C 1 1 Lfc 0 

[0 0 6 1 1 ZUilC&VTX'^h*-!— ^^=i-K-r 
5&te^£^0*££ri 5 i&l . 7 k bODNAfcrtf (E 
coRI-BamHI^) ^ t #"C#fc 0 

[0062] mmm2 

-K+sae^tr&trftSjftStti. 7kb<0DNA»ffr 
icov^T. *tf>*aiiy!l*r:/9*S KpUCl 1 8£fc 
lipUCl 19 (3£fi3iSi) Srfflv^^x^V^^ u 
K#iti& (dideoxy chain termination (Sahg 
er, F. et al. , Proc. Nat. Acad. Sci. USA 7 4 , 5 4 6 
3, 1 9 7 7) ^J:5ig2lC^Ufclft»igiC«oXft3e 

[0 0 6 3] 3z<Dmg&m%*<D*—zf>})— Tjl/ify 

C-T-tt. TiEEJiJtc^-t-^Ba^J^W-t-6 4 2 HB<07 
5 K+3 1 2 6 3 0***fJ;?>«MfcS*VO* 

[0 0 6 4] 

lib 4] 

nmm3 

RY 3 OOffasfc 

(A) 7yX* KpBYSO 3<omU 
7y * ^ KpBY5 0 311 ^i^Wf^A'^ 

I FO 1 2 1 4 4 (FERM B P — 2 5 1 
5) 35»fe»«$Jlfc»T-ftftl O^^y/WhVcO^^^ 
5 K"C*> 0 . 1 -9 5 7 8 5 ^ttlCiBttO J: 9 

KLTWKLfc. ***»*A#I[fiat2g, (NH 
4 ) 2 S0 4 7 g, K 2 HP0 4 0.5g, KH 2 P0 4 0. 
5g, MgS0 4 0.5g, F e S0 4 • 7 H 2 0 6 m 
g, MnS0 4 * 4-6H 2 0 6m g, 2. 5 

g. /&5 g. Iftt>2 0 0it g. I®f7^ 

V2 0 0 m g. 0 gRXimW&l 1 ] 1 1 

iC. ^l/Wr!) £A . ^^^^-nx I FO 1 2 1 4 

fc«#Srl Omg/ml (DmmicV 2/7— A«r*tri«R 

[25mMhy^ (fc Kn*vo«*7U) 7^^^ 
>\ lOmMWEDTA, 5 0mM^3-^] 2 0m 



(kb) 



4.9 

4.2, 0.6 
3.6, 1.2 

UC»»U 3 71Cr*ll^W$tt e RJ&jKlCTJl' 
^y-SDSi [0.2N N a OH, 1% (W/V) S 
DS] 4 0ml»U tt^KAftlTSffilCTl 

[5M|»*!) ^Ajg«6 0mK HM1 1. 5 m I , 
S0MC2 8. 5m lOS^ffi] 3 0ml»U *4> 

[0 06 5] B«»±ft *a-k*fc» U 4 TCtf 1 0 # 

i 5, o o o x g ©a-MMB^tt* ±ja&£?# 

[0 0 6 6] rixlcgsg;©:^^ — /w- ^on^i 

»tfc«. a^fi-^u £jaT-C5#BL i 5, oo 

0 x g *JB«rlaIteLfc. *Sic2{£ 

groin* y-,u£2jp;t, -2 0tTlWSi, 4*C 
■^lOM 1 5, OOOx g 0[>a^4>Wcj&Mt, ifcB 

[0 0 6 7] &ftfrttjE«ftft> TEjgf^ [ b V X 1 
OmM. EDTA 1 mM ; HC 1 \ZX p H 8 . 0 {Zffl 
ft] 2 m 1 \Z®mi<tc 0 *<H»lC»k-feVCrA»« [5 
f&M^TEgfil 0 0mll:»bti/^Al 70 g 

lSmltlOmg/mlx^^ 

^nW KMlml ^P^T, **&1. 3 9 2 g/ 
m I fC-£fc>-£;fc 0 1 2t:-C4 2l*IHk 1 1 

6.000X g<©a'MMi£fT o/co 
[0 0 6 8] yyX; KpBY5 0 3^^jH^JHtCj: 

-fy*% KpBYSO 3 z^tt#mm&nft Q 

[0 0 6 9] Kk^^X^<D^mm^M<D^ ^T%/UT/ly 

5fcLT«e>li;fc:/7XS Kp B Y5 0 3&£tr3*rtt 
(C 3 Mgft&*7- h y *A»«Sr*»»*3 0mM(C»/HlU 

fc. rojgjjtt: l 5, o o o x g (DiS^ilic^itTD 

NA4:t5M>Sit\ ^7^U'pBY5 03$:50/ig^ 
[00 7 0] (B) K^^-pCRY3 0 

7*7^U'pHSG2 98 0.5/ig(C 
IStfXS'a 1 I (5 units) £ 3 7t 1 HMHKJfc 3 
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7*7*$ KDN A £5c±iZftffi L/c 0 

[oo7ii mw, (a) ^xmnvt^y^^ k p by 

5 0 3(^2/igl:W^lXhoI (lunit) £3 7t 
"C 3 0 ^^U'DNA^M^L 
fco ffi%<D7?x* KDNA#fl?i&£^U f&IPKS^ 

&&£?&&*0##a5f:&»&<b UTS-* 50mM 
h y ^Hf^pH7. 6, 10mMMgCl 2 , 10m 
M^^t^U^ h— A\ ImM ATPMT4 DNA 
y#~ tflunit £5lc&/&#£r3&{bU 1 6 V, 

-cis^^iauyco ro^fc^r^v^y tr • 

[0 0 7 2] 7£Wfc&8:d:3 0;i g/ml 
©*^-fW. 10 0^ g/ml (t^ftfi <D ] P 
TG (>f VZfxi f/is-p-D-J-Xtfr? Y\fy/ is 

K) lOO/i g/ml (ftftfttf) OX-gal (5- 

x^5g, NaCI 5gMf*lK P H7. 
2) -C3 7<CK:T2 4B$Rm£U £Wtti: bT#£>*x 

fct><z>£ji#u ^^7^-; K^r/^y-sDs& 

[T. Maniatis, E. F. Fritsch, J. Sambrook, "Molecular 
cloning' (1 9 8 2) p90^91#i] fCcfcDttffi 

[0 0 7 3] Z<Of£%:* ^7^^KpHSG298(DS 
a 1 I W:^7^^ K p B Y 5 0 3E&5fcOift4. 0 k 
b<DmK&f$A£tl1t'?7X$ KpHSG298-or 

i *S»fettfc. 

[0 0 7 4] »ClCPI«<Z)*«fe«rfflV\ Mffi (A) ^-c^ 
bixfc^7^5 K p B Y 5 0 3DNA£f&II8g£i£Kp n 

I&tfEc oR 1 \CX%mVX&btl%%}2. 1 k bO 
DNAt^r>i-^±ia^7^^ KpHSG298-or iO 
K p n I Ri;E c o R I SU^I^ n-^ y ^ :/^* 

^ K^* — pCRY3 OSrft&Lfc* 
[00 7 5] H3fe0H 

7r*5 KpCRY3 0-AKOffr£&tf3y*32*ffl8i 

%fami<o (c) ^-e^enfcyy^^ kphsg3 9 

9-AK 5/ig£fcMBlifcEcoRI-Nr u I 
5units m\ 3 7 < C-Cl^SJt6^ J fr7>#U/t^O 

BamH 1 !)^- 9 rfilS) l/d^i 

£U 50mMF!)^fil|jI (pH7.6) % lOmM 
h-^ ImM ATP, lOmMMgC 
1 2 *3J:t*T4 DNA!) 1 unit 0&f£#£8&tJD 



[0 0 7 6] :©DNAMR8*BamHI 3units 

&fflv*3 7 < tTiraSf£:$^ft?Lfc^c7>^, ^Jfe 
093O (B) mX-'&btLit'fyX^ KpCRY30 1 
Mg^JMlBamHI limit £/fil\ 3 7tT*l 

®^ (pH7.6) % lOmM^'f^W H/K 1 
mM ATP, 1 OmM MgC 1 2 JoJ:0 t T4 DNA 

y 1? i unit <D£&&*mn l (£f£#<o«&tt£ 

, 1 21C-C1 5I*IBR*S**lt^'** 

*v tr • = y cgscs o 7 4ttfr«fHE&u 

^-f »-5 0ii g/m 1 IrttfiJIWift [K 2 HP0 4 
7 g, KH 2 P0 4 2g, (NH 4 ) 2 S0 4 lg.MgS 
0 4 - 7H 2 O0. 1 g. ^3-^2 0 g&^l 6 

[0077] ro»ift±©^W*S:*ft{cj:ijKW«P* 
U *)-?y7s?L KDNASr»fflU ^7^^ 

K«rMfiR»«lcJ:*)W»fL, r^o-^^/v«ft»»Sr 
^t^T^-<yc^ r^>. ^7^^ KpCRY30O^$ 
8.6kb^DNAiK-tti, ^$1.7kb(D#A 

[0 0 7 8] ±SS)*D< WMSJlfc:/?;*^ KDN A 

[0 0 7 9] J#®ifE&tt, ««^<^«feSrfflv^T*ofc 

[0080] ~?is\f/<&7' V tyJ* • 7 7/UMJ — 2 3 
3 (FERM BP-1497) 7*7*% Kp BY 5 0 
2&£tt& 10 0ml WttlEAiS»-e#«Jt«(tO**T? 
#§*U ^i/y>GS:la=y h/m lfcfc* J: 5fc 

***** 2 0ml 0>'</l';*ftftrft (2 7 2 mM 

Sucrose. 7mMKH 2 P0 4 . lmMMgCl 2 ;p 

H7.4) l^rft»tfc 0 s&fcSK*«a^^L-c* 

5 m 1 0^y^ffl}ffl*tcSB» U 0.75ml <0#ffl 
IS*. flrtB^Wfettfc^r^S KDNA)Me5 0m 1 £ 
«r»^U * l H-T2 0#fl8f*igUS: o ^-y^t- 
('M KtfcK) &ffl^t\ 2 50 0#/i'K 2 5m 
FDfcRSU ^/u^«rBiAna**IC2 0#f$»jSL 
fc. ^:lc*3m l<OgfJieA^ifii^L3 O^tCTl^Fffl 
*ML *t^->yi 5 m g/m 1 (ftKfttf) 

tfBftSeAai&^JMtfclM u 3 ot-c 2-30 m&n u 

(A) m\CWM<OJjm&m^X7yx$ Kfc#fc. CO 

[0 08 1] 
1^3] 
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&3 ^fyJ,^ Hp CRY 3 O-AK 







(kb) 


EcoRI 
Bamfil 


2 
1 


8.6. L7 
10.4 



Y3 0-AK£^£Lfc o 

[0 0 8 2] ^7^^ KpCRY3 0-AKlCj; 

3 3-AKtt, ^mo<tfrfi^lT@ 1#3^H 

tt"C : &X#F&1F^1 265 8^ (FERM P-l 2 
6 5 8) £ LrWteSttn**. 
[0O83J SJfe^S 



KpCRY30-AKO££i£ 
Htria^A^j&l 00ml^5 00ral |H^77^^l: 
1 2 Otr 1 5»BS81S*!iaLfct©H, H16 

J 2 33-AK^IS1U 3 0t«C"C2 4l»IBM** 
£tro/c3L ISa«lCLTM!LfcA«fel 0 0ml £5 
0 0ml ^77^^CMU 12 0t"C15M 
»*Ufc'b©lC, 1m 1 5 Ocells 0#J£-|Cfr£ 

i9i:»u f^ix 30 titer 2 4mmm&mm&?f 

5 u g/m 1 *D»I^-CWHLfcAiSJft&at«S 
U 3 Otlcr 1 8^ii4f^n^t)yht 

[0 0 8 4] ro^f, ^^Ww^oisi:^^ 

ift^Wa n r*±r*-^>r ^*&HiiMsfc±iM-s 

it o 

[0 0 8 5] Hi£$6 



J#i*fe B*0.4%, «i7^!)Al.4%, KH 2 
P0 4 0.0 5%. K 2 HP0 4 0.0 5%, MgS0 4 - 
7H 2 0 0.05%. C a C 1 2 • 2H 2 0 2 p pro. F 
e S0 4 • 7H 2 0 2ppm, Mn S0 4 • 4-6H z O 
2ppm, Z n S 0 4 • 7 H 2 0 2ppn, NaCl 2 
ppm, Wy200yg/K fT^-HCl 
1 00ft g/K #1f5/H0. 1%. H^^O. 1 
%) 1 0 0m 1 £5 0 0m I SHA 7 7 
i (i!ipH7.0) L«/Hf/^f!J!)A*7 
7/<A (Brevi bacterium flavum) MJ 2 3 3-AK 
(FERM P-1 2 6 5 8f) «MBU 

r2 0WSa»4ISrfTofc o 



7>^!>A2.3%, KH 2 PO 4 0.0 5%. K 2 HP 

0 4 0.0 5%, MgS0 4 - 7H 2 0 0. 0 5%, F e 

5 0 4 • 7 H 2 0 20ppm, MnS0 4 '4-6H 2 0 
20ppm. W^200(ig/U fT^'HC 
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sew*£©fc«>0>iiWH. lit 2 *<d i ] 

Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

1 5 10 15 

GLu Arg He Arg Asn Val Ala Glu Arg lie Val Ala Thr Lys Lys Ala 

20 25 30 

Gly Asn Asn Val Val Val Val Cys Ser Ala Ilet Gly Asp Thr Thr Asp 

35 40 45 

Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

Val Ala Met Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

Lys He Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

Ut2Z<D2] 
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Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Val 

165 170 175 

Asp Cly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

Leu Glu Lys Leu Ser Phe Glu Glu Het Leu Glu Leu Ala Ala Val Gly 

190 195 200 

Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

He Ala Gly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 

[it 2^<D 3] 
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Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Gin CLy Asn Trp Thr 

320 325 330 

Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

335 340 345 

Gly Het Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Clu Ala Leu 

350 355 360 

Arg Asp Val Asn Val Asn He Glu Leu He Ser Thr Ser Glu lie Arg 

365 370 375 

He Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

Leu His Clu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Yal Val Tyr 

405 410 415 

Ala Gly Thr Gly Arg 

420 

[ft3^01] 
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GTC GCC CTG CTC GTA CAG AAA TAT GGC GGT TCC TCG CTT GAG AGT GCG 
Vai Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

GAA CGC ATT AGA AAC GTC GCT CAA CGG ATC GTT GCC ACC AAG AAG GCT 
Glu Arg He Arg Asn Val Ala Glu Arg He Val Ala Thr Lys Lys Ala 

20 25 30 

CCA AAT AAT GTC GTG GTT GTC TGC TCC GCA ATG GGA GAC ACC ACG GAT 
Gly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCG GCA GTG AAT CDC CTT CCC CCA GCT CGT 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG CAT ATG CTC CTG ACT GCT GGT GAG CGT ATT TCT AAC GCT CTC 
Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg lie Ser Asn Ala Leu 
65 70 75 80 

CTC GCC ATG GCT ATT GAG TCC CTG GGT GCA GAG GCT CAA TCT TTC ACG 
Val Ala Met Ala lie Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

GCT TCT CAG GCT CGT CTG CTC ACC ACC GAG CGT CAC GGA AAC GCA CCC 
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Gly Ser Gin Ala Gly Val Leu Thr Thr Clu Arg His Giy Asn Ala Arg 

100 105 110 

ATT GTT GAT GTC ACT CCA GGT CGT GTG CGT GAA CCA CTC GAT GAG GGC 
lie VaL Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAC ATC TGC ATT GTT GCT GGT TTC CAG GGT GTC AAT AAG GAA ACC CCC 
Lys He Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT GTC ACC ACG TTG GGT CGC GGT GGT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 

145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GIG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

GAC GGC GTG TAC ACC GCT GAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC ACC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
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(,eu Glu Lys Leu Ser Phe Glu GLu Met Leu Glu Leu Ala Ala Val Gly 

190 195 200 

TCC A AG ATT TTG GTG CTA CGC ACT GTT GAA TAC GCT CGT GCA TTC AAT 

Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

GTG CCA CTT CGC CTA CGC TCG TCT TAT AGC AAT GAT CCC GGC ACT TTG 

Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 

220 225 230 235 

ATT GCC GGC TCT ATG GAG GAT ATT CCT GTG GAA GAA GCA GTC CTT ACC 
He Ala Cly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

CGT GTC GCA ACC CAC AAG TCC GAA GCC AAA GTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

TCC GAT AAG CCA GGC GAG GCT GCG AAG GTT TTC CGT CCG TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTG GAA 
Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 
285 290 295 
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GAC GGC ACC ACC GAC ATC ACG TTC ACC TGC CCT CCC TCT GAC GGA CGC 
Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 

CGT GCG A7G GAG ATC TTC A AG AAG CTT CAG GTT CAG GGC A AC TGG ACC 
Arg Ala Met Gtu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAC GTC GGC AAA GTC TCC CTC GTG GGT CCC 
Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

335 340 345 

CCC ATG AAG TCT CAC (£A GGT GTT ACC GCA GAG TTC ATG GAA GCT CTG 
Gly Met Lys Ser His Pro Gly Val Thr Ala Clu Phe Met Clu Ala Leu 

350 355 360 

CGC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Vai Asn Val Asn lie Glu Leu He Ser Thr Ser Glu He Arg 

365 370 375 

ATT TCC GTG CTG ATC CGT GAA CAT GAT CTG GAT GCT GCT GCA CGT GCA 
He Ser Val Leu lie Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

CTG CAT GAG CAG TTC CAG CTG CCC GGC GAA GAC GAA GCC CTC GTT TAT 

[ffc3*<D5] 

Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 

405 410 415 

GCA GGC ACC GGA CGC 
Ala Gly Thr Gly Arg 

420 
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HEM] 

CTC CCC CTG CTC GTA CAG AAA TAT CGC GCT TCC TCG CTT GAG ACT GCG 
Val Ala Leu Val Val Gin Lys Tyr Giy Cly Ser Ser Leu Clu Ser Ala 

15 10 15 

GAA CGC ATT AGA AAC CTC GCT GAA CGG ATC GTT CCC AOC AAG AAG GCT 
Glu Arg He Arg Asn Val Ala Glu Arg He VaL Ala Thr Lys Lys Ala 

20 25 30 

CGA AAT AAT GTC GTG GTT GTC TGC TOC GCA ATG GGA GAC ACC ACG GAT 
Cly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCG GCA GTG AAT CCC CTT CCG CCA GCT CGT 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG GAT ATG CTC CTG ACT GCT GGT GAG CGT ATT TCT AAC GCT CTC 
Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg lie Ser Asn Ala Leu 
65 70 75 80 

GTC GCC ATG GCT ATT GAG TCC CTG GGT GCA GAG GCT CAA TCT TTC ACG 
Val Ala Met Ala lie Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

GGT TCT CAG GCT GGT CTG CTC ACC ACC GAG CGT CAC CGA AAC GCA CGC 

Ut4 J t<D2] 



-18- 



Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His GLy Asn Ala Arg 

100 105 HO 

ATT CTT GAT GTC ACT CCA GGT CGT GTG CGT GAA GCA CTC GAT GAG GGC 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TGC ATT GTT GCT GGT TTC CAG GGT GTC A AT AAG GAA ACC CCC 
Lys He Cys lie Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 HO 

CAT GTC ACC ACC TTG GGT CGC GGT GGT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

GAC GGC GTG TAC ACC GCT CAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
Leu Glu Lys Leu Ser Phe Glu Glu Bet Leu Glu Leu Ala Ala Val Gly 
190 195 200 
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TCC AAG ATT TTG CTG CTA CGC ACT GTT GAA TAC GCT CGT GCA TTC AAT 
Ser Lys lie Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

GTG CCA CTT CGC GTA CGC TCG TCT TAT AGC AAT GAT CCC GGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

ATT GCC GGC TCT ATC GAG GAT ATT OCT GTG GAA GAA GCA GTC CTT ACC 
He Ala Gly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

GGT GTC GCA ACC GAC AAG TCC GAA GCC AAA GTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly lie 

255 260 265 

TCC GAT AAG CCA GGC GAG GCT GCG AAG GTT TTC CGT GCG TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTG GAA 
Ala Glu lie Asn lie Asp Met Val Leu Gin Asn Vai Ser Ser Val Glu 

285 290 295 

GAC GGC ACC ACC GAC ATC ACG TTC ACC TGC OCT CGC TCT GAC GGA CGC 
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Asp Giy Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Ciy Arg 
300 305 310 315 

CGT GCG ATG GAG ATC TTG AAG AAG CTT CAG GTT CAG GGC AAC TGG ACC 
Arg Ala Met Glu lie Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCG 
Asn Val Leu Tyr Asp Asp Gin Yal Gly Lys Val Ser Leu Yal Gly Ala 

335 340 345 

GGC ATG AAG TCT CAC CCA GGT CTT ACC GCA GAG TTC ATG GAA GCT CTC 
Gly Met Lys Ser His Pro Gly Vai Thr Ala Glu Phe Met Glu Ala Leu 
350 355 360 

CGC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Yal Asn Val Asn He Glu Leu He Ser Thr Ser Glu He Arg 

365 370 375 

ATT TOC GTG CTG ATC CGT GAA GAT GAT CTG GAT GCT GCT GCA CGT GCA 
lie Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

CTG CAT GAG CAC TTC CAG CTG GGC GGC GAA GAC GAA GCC GTC GTT TAT 
Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 

405 410 415 

GCA GCC ACC GCA CGC 
Ala Gly Thr Gly Arg 

420 
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EWf- : 1 
EJilCDg: £ : 1263 
E51©S! : mSL 

t#ai?- : m$m 

E3?'I©S.S : Genomic DNA 

: HJ233 
^Ste^-f : peptide 

ft-mm. ■. 1-1263 

GTG GCC CTG GTC GTA CAG AAA TAT GGC CGT TCC TCG CTT GAG AGT GCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

GAA CGC ATT AGA AAC GTC GCT GAA CGG ATC GTT GCC ACC A AG AAG GCT 
Glu Arg lie Arg Asn Val Ala Glu Arg lie Val Ala Thr Lys Lys Ala 

20 25 30 
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GGA AAT AAT CTC GTG GTT GTC TGC TOC CCA ATG CCA GAC ACC ACG GAT 
Gly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCG GCA GTG AAT CCC GTT CCG CCA GCT CGT 

Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG CAT ATG CTC CTG ACT GCT GGT GAG CGT ATT TCT AAC GCT CTC 

Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg lie Ser Asn Ala Leu 

65 70 75 80 

CTC GCC ATG GCT ATT GAG TCC CTG GGT GCA GAG GCT CAA TCT TTC ACG 
Val Ala Net Ala lie Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

GGT TCT CAG GCT GGT GTG CTC AX ACC GAG CGT CAC GGA AAC GCA CGC 
Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg Bis Gly Asn Ala Arg 

100 105 110 

ATT CTT CAT GTC ACT CCA CGT CGT GTG CGT GAA GCA CTC GAT GAG GGC 

lie Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TGC ATT GTT GCT GGT TTC CAG GGT CTC AAT A AG GAA ACC CGC 

5-^3] 
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Lys lie Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT GTC ACC ACG TTG GGT CGC CGT GGT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA CCT GCT CTG AAC GCT CAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

GAC GCC GTG TAC ACC GCT GAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg lie Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
Leu Glu Lys Leu Ser Phe Glu Glu Net Leu Glu Leu Ala Ala Val Gly 

190 195 200 

TCC AAG ATT TTG GTG CTA CGC ACT GTT GAA TAC GCT CGT GCA TTC AAT 
Scr Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

CTG CCA CTT CGC GTA CGC TCG TCT TAT AGC AAT GAT CCC GGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 
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ATT GCC GGC TCT ATC GAG GAT ATT CCT GTG GAA GAA GCA GTC CTT ACC 
lie Ala Gly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

CGT GTC GCA ACC GAC AAG TCC GAA GCC AAA GTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

TCC GAT AAG CCA GGC GAG GCT GCG AAG GTT TTC CGT GCG TTG GCT CAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTG GAA 
Ala Glu lie Asn He Asp Het Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

GAC GGC ACC ACC GAC ATC ACG TTC ACC TGC CCT CGC TCT GAC GGA CCC 
Asp Gly Thr Thr Asp lie Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 

300 305 310 315 

CGT GCG ATG GAG ATC TTG AAG AAG CTT CAG GTT CAG GGC AAC TCG ACC 

Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCG 
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Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 



335 



340 



345 



GGC ATG AAG TCT CAC CCA GGT GTT ACC GCA GAG TTC ATG GAA GCT CTG 
Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Bet Glu Ala Leu 



350 



355 



360 



CGC GAT GTC AAC GTG AAC ATC GAA TO ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Val Asn Val Asn He Glu Leu lie Ser Thr Ser Glu lie Arg 



365 



370 



375 



ATT TCC GTG CTG ATC CGT GAA GAT GAT CTG GAT GCT CCT GCA CCT GCA 
He Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 



380 



385 



390 



400 



CTG CAT CAG CAG TTC CAG CTG GGC GGC GAA GAC GAA GCC GTC GTT TAT 
Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 



405 



410 



415 



GCA GGC ACC GGA CCC 



Ala Gly Thr Gly Arg 



420 



Nrul 



Xbal Ncol Bgll 
I 1 L 



HncJL 



PatlBglK 



HlndU Pviit Pvul 

Htncn Oral I EcoftI 
'I'll 



ft l.7kb 



I J 200 bp 



[132] 



Nrul 
1_ 



Pstl 



Xbal Ncol Bgll 
. I 1 L- 



Pvul 

Hind 
J 



I 



Pstl egil 



HmdE Pvul Pvul 

I — Li — 1—1 t- 



-I 200 bp 
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7ny h-<— i?<DWt% 
(72)#E# 

x«*«»a*w jot** 8TS3§i^£ 
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(19)0*H**/r (J P) (12) & §fl 4£ 1^ & 3£ (A) (IDffifrtilB&Mft* 

^¥5-184366 

(43)i>lliB TO 5 $£(1993) 7 £27 B 

(51)Inta 5 fS^lJsB^ ffrtBl*^ FI tttSX^mK 

C12N 15/00 A 8931 -4B 



(22)|iifS B ¥JS8 4 #(1992) 1 M 14 B 



5feS»* il*3l0>& 8 (£ 27 M) 



(71) t4i®A 000006057 

*«»WfflEjta>n - T @ 5 # 2 ^ 

(72) &Sg# #^ ffM 

&wmmmMPiq>& s t a 3 * 1 

(72)IMI# » 

&&0fMIfi$BH JEW** 8T§3#l^H 

(72)a^?g# #8 

a^^miiScfBprmfflT^^ 8 t @ 3 # 1 



(54) IfflKDZftil T VtZi&fcf-DNARVtomm 
(57) [Sgjft] 

imrfi] y^Wr^A - 7 7/^MJ-2 3 3 
MJ-2 3 3&I*. L-y^><04J«SiS»4DLfc. 
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(E.C. 2. 7. 2. 4.) ^^-K-f-^iSfK^DNAo 



(Brevibacterium flavum) MJ 2 3 3*?$>£gfl 
1 tE*Oififi-T-DN A. 



GTGGOCCTGG TCGTACAGAA ATATGGCGGT TCCTCGCTTG AGAG7GCGGA ACGCATTAGA 60 

AACGTCGCTG AACGCATCGT TGCCACCAAG AAGGCTGGAA ATAATGTCGT CGTTGTCTGC 120 

TCCGCAATGG GACACACCAC GGATGAGCTT CTAGAACTTG CTGCGGCAGT GAATCCCGTT 180 

CCGOCAGCTC GTGAAATGGA TATGCTOCIG ACTGCTCGTG AGCCTATTTC 7AACGCTCTC 240 

GTCGCCATGG CTATTGACTC CCTGGGTGCA GAGGCTCAAT CTT7CACGGG TTCTCAGGCT 300 

GCTGTGCTCA CCACCGAGCG TCACGGAAAC GCAOGCATTG TTGATGTCAC TCCAGGTCGT 360 

GTGCGTGAAG CACTCGATGA GGGCAAGATC TGCATTGTTC CTGCTTTCCA GGGTGTCAAT 420 

AAGGAAACCC GCCATGTCAC CACGTTGCCT CGCGGTCGTT CTGATACCAC TGCAGTTGCA 480 

TTGGCAGCTG CTCTGAACGC TGATGTGTGT GAGATTTACT CAGATGTTGA CGGCGTGTAC 540 

ACCCCTGAGC CGCGCATCGT TCCTAATGCT CAGAACCTGG AAAAGCTCAG CTTCGAAGAA 600 

ATGCTGGAAC TTGCTGCTGT TCGCTCCAAG ATTTTGGTGC TACGCAGTGT TCAATAOGCT 660 

cxrrccAncA atgtgccact tcgcgtacgc tcgtcttata gcaatgatcc cggcactttg 720 

ATTGCCGGCT CTATGGAGCA TATTCCTGTC GAAGAAGCAG TCCTTACCGG TGTCGCAACC 780 
GACAAGTCCC AAGCCAAAGT AACOGTTCTG GCTATTTCCG ATAAGCCAGG CGAGGCTGCG 840 
AAGGTTTTCC GTGCGTTGGC TGATGCAGAA ATCAACATTG ACATGGTTCT GCAGAACGTC 900 
TCCTCTGTGC AAGACGGCAC CACCGACATC ACGTTCACCT GCCCTCGCTC TGACGGACGC 960 
CGTGCGATGG AGATCTTGAA GAAGC7TCAG GTTCAGGGCA ACTGGACCAA TGTGCTTTAC 1020 
CACGACCAGC TCGGCAAAGT CTCCCTCGTG GGTGCGGGCA TGAAGTCTCA CCCAGGTGTT 1080 
ACCGCAGAGT TCATGGAACC TCTGCGCGAT GTCAACGTGA ACATCGAATT GATTTCCACC 1140 
TCTGAGATCX GCATTTCCGT GCTGATCCGT GAAGATGATC TGGATGCTGC TGCACGTGCA 1200 
CTGCATGAGC AGTTOCAGCT GGGCGGCGAA GACGAAGCCG TCGTTTATGC AGGCACCGGA 1260 
CCC 1263 

V7j;&tlZ>Txs<frh**f—' tf <E. C. 2. 7. 2. 4.) «r£tf DN A&fflTt- fciia&x.^* S K. 

Ut2] -CTfiZtlZTX/^h*-}— V (E.C. 2.7. [MM 8] *7Wa-*«\ M«« 7 ^M<D =i ]) 

2.4.) £=i-K*-S*fi*DNA. »»©**«*Xttll*«!31tot««$iirTL-y V> 

DNA^A^n^iisa^x^^^ k. i&m<D»toftWR] 

[MM 6] »*«l-4<ov^rJxd»lc3B«<03te-7- [OOOl] 
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(E.C. 2. 7. 2. 4.) fca-Ki-SiBe^fcStray 

100 0 2] L-y^^tt, ijJS7 5y»tLtI&I 
[0 0 0 3] 

ft** L - y ^©XjfcttKSffi* LT 

5 1-2 1 0 78*^«, ^085 3- 1 83 3 #4* 
ffi, #^Bg6 2-8 6 9 2-S-4i«»#RR] . 

xasr^^fcaa&tssssjxT^^ [^pbbsss-i 

6 0 9 9 7-^SL #BB&g6 0-6 2 9 9 4*^i, # 
BSBB 6 2 - 7 9 7 8 8 *^*tf#JH] . L^Lfttf*^ 
ft*&£ S ftT ^ * # 8a: <fc 6 L - y ^^Safttfe-C 

[0 0 0 4] — # H T^'^ h*^— £ (E. C. 2. 7. 
2.4.) £ a— K1" LXtt, xi/xyt7' 
=»y (Escherichia coli) &*Ofe*E^- [Journal of B 
iological Chemistry, 2 5 6 , pl 0 2 2 8-pl0 
230, 1 98 l#fiR] 35SJ;<W5E$*tTV^6. 
PyJ*Wi&B&&%:<D7X'Vl'h*-T-V (E.C. 2. 

7. 2. 4.) £ LTtt* ■ Vf-Ar* (Bacillus 
subtilis) . ny^^r!l!>A.^^^A (Cory 
neform glutamicum) m$ft\hflX\t^%> [Journal of Bi 
ological Chemistry, 2 6 2 , p8787-p879 

8, 1 9 8 7; Molecular Microbiology, _5, p 1 1 9 
7-pl 2 04, 1 99 1#i] 6 U&»L#*se>, 

!) !>A * yys<J* (Brevi bacterium flavum) 
SfcOT^/l'h t? (E. C. 2. 7. 2. 4.) Sra 

[0 0 0 5] 

mwdWiki-x oti-zim} *jBw<oe»tt, ^y 

^saaiSrtjfccor^^/uh^— t? (e.c. 2.7.2. 

4.) sra-K-rsae^^mu stese^pw-c 

*>s =y U «ay*fiiNB«*rfflV^X, 

*fc L — y ^>«rKars rttfc 

[0 0 0 6] 



£ v awttfc L - y s^&JfiS U 5 2) r t £H,^ffl 

[0007] *>< ix^iian^ 

(1) a y*ss*m**«)r^^h*-f— 
K-rsaie^DNA ; 

( 2 ) ttae-r- d n a a $ ttfcia&a. :/7 * s 

K; 

(3) mmSk^y^^ KT?*«te»*nfc3y*s 

(4) tt*Kfiifc*ftfc3y*ffl»*fcfflif\ //^ 

[0008] **Wfcot*T$e>fc»t»WftW+ 
s&^dnaj twt. L-r*A^*va*icy 

2.7.2.4.) £ = - K1"6*e*DN A 

[0 0 10] r^yuh*^-— tfSra— Ki"6*fi^F-*' 
^tfDNAdr^ OUT. ^HiSr Ta^j tftfrtZz 

U\?/<fT}) A • yy/<J\ (Brevibacterium flavu 
m) MJ233 (FERM BP-1 4 9 7) *5«tW-t© 

[0 0 11] rHb^MIM^^bA^^HIKt 

5 : ABrtfte, ±fB=>y*S«B*, «^Hf/^7 
y £A • 7 J -2 3 3 (FERM BP-14 

9 7) »<OJfcft#Ji»c»ftL, r©jfefe**i«S4ttIR 

[0 0 12] jfei", yuWf!)*A • 
-2 3 3t*©#f|«l^e>ftft#:DN Atrttaj-TSo 
ftfittDN Afrft3&MI8B& tflxtf E coRI^ffl 

[0 0 13] #bH6DNA^5:^D-r:y^^ 
«WpHSG3 9 9 (^fiitSSl) CSAl, Z<D 
<<9*—$:m^X* T^/H**"*-— ¥3te^5c»L 

fc*»B (xi/x»;tr* ay) »cgsc507 

^— (Escherichia coli Genetic Stock Center) , *f 

W (Department of Biology, Yale University) ; P. 0. B 
ox 6 6 6 6 New Haven, CT 0651 1-744, U.S. 
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[0 0 14] ^*x£^©&&t*<fc»9:77*^ KDNA 

u^^fy <>a - 77/UMJ-2 3 38c&&#Efe& 
[0 0 15] *»< L-c»bjx*A»r>i-**e>Kas*«i 

[0 0 16] »e>*t5»JtClft#j:i9^7^? KDNA 

^1 



[0 0 17] ^J;9fcLT»&ft,5AlBrfr<D-oHt. 
.hiB^Hf^^y *A • 77/UMJ - 2 3 3f*0jfe 
fe#DNASr«B»*E c o R I <D%±im\Z& "9iiU9 

[0 0 18] r<D#jl. 7 k b(OT7X;Uh^t- 

1 l^^1"o 
[0 0 19] 

[£l] 







£)»r«fr<B*£3 (kb) 


Dra I 
Hloc II 
Hind III 


1 
2 
1 


0.2. 1.5 
0.3> 0.6. 0.7 
0.4, 1.2 



[0 0 2 0] r^RfBffro^tSj RX/yy^X 

xVxU tT- =ty(07A/7r-^ ( A phage) 
©DNA^JMHind 1 I I "Ct>0l£rL~C#£>;h/ 
6 5> ^ figE & <D D N A #r K<o m — T # o — ^ y _t "C tf) 

• a y <D7y4 • ^*y?Xl 7 47r-^ (^xl74 
phage) 0DNA£ffill»F«Ha e 1 I ltWtt 
»e>iv5»^ 4K*D©D N A®rK-tO(^-^ y T * y /i/T 

WDNA0rJMUi:/7*$ KO#DNA»r^f$«: 

At££angLT#tf>5 0 4*5, #DNA»r>5*<D*#* 
(Dfc^lcfc^T, 1 k b»±<oWrfro*#**c:oi^T 

fctfcffiU mo. 1 k b*»e>l k b*»oWij-(0^:t4 

icov^Tii4%^yr^ y^r 5 h'V/^m&fomicxo 
[0 0 2 1 1 isao^uex^y • 77'< 

AM J -2 3 3©Sfefefl03NA£1i!lBW*Nr u I — E 



^7^^ KpUCll 8£fcttpUC 119 
CD &m^&*J? ! ***sZ*\syt s f-\'m#m (dideoxyc 
hain termination Sanger, F.et. al. , Proc. Natl. A 
cad.Sci.USA, 7 4, p 5 4 6 3, 1 9 7 7) \Z X 9 & 

1.7 k bWDNAlr^lSE^t- T'vy- x-f 

y^7u-A<o#4^f)^Lfc7^^h^t-f^ 

0, 42lf@O7^y^3-Kt5 1 2 6 3(0lS^ 
[0 0 2 2] 

-tfSra-K-rsae^-StrDNABfrfrtt, 55« 

<z>= y*fi»«ftft#DNAift*e>5MB$nfct>©w4 

>*t§| Systenri Pl\is&R\,^X<&j££tlfrh<7>Xh'3X 

[0 0 2 3] WB«>ftl< 7*I/^r!l!>A • 7 

7/<i.MJ - 2 3 3 0jfe6<^DNAd»6]ftft$H%4cX 

W©DNA|fiftt, y^vH**:*— tffca— K-**<5* 



-4- 



[0 0 24 J a±lCi£&L£*££^#n. 7 k bOD 

n AmKnmmtmict %y)m&mm%m i izm-t. 

10 0 2 51 «^or^/^h^rt-f^3- K+5 
ae-^Sr^tpDNAWfr (Afcrtf) tt, 1S^7^5 

So 

[0 0 2 61 *&m<DTX'*A'b*-r— t?£a — 

[0 0 2 71 *38W«>AK>{-fe»A-r6ri:^-e#-5, 

-2101 8 4 »^«^E*0^9 * 5 K p C R Y 3 
0 ; &m¥-2~ 2 7 6 5 7 5f^i:»7'7^ ^ K 
pCRY21 v p CRY2KE, pCRY2KX, pC 
RY31, pCRY3KEMpCRY3KX ; »SB¥ 
1-1 9 1 6 8 6^-^iC|a^C0^7^^ KpCRY2 
Xt/pCRY 3 ; #BfJB3 5 8-6 7 6 7 9^«(C|Bft 
(Dp AM 3 3 0 ; #0f|B3 5 8 - 7 7 8 9 5-SN*tt£IBtt 
OpHMl 5 1 9 ;#088g5 8-l 92 90 0^«i: 
fS&<7> p A J 6 5 5 , pAJ611 p A J 18 4 
4 ;4$H9V8 5 7- 1 34 50 0 ^££#0 p C G 1 ; # 
HHB5 8-3 5 1 9 7 #4**fcie«0> p C G 2 ; #§BBB 
57-18379 9-9-^Wc8SttOpCG4&O e pCG 

[00 2 8] nt^^Ilffli^-^^-^ 

fc<D##*L<. ^X.hf. 7*7^; KpCRY3 0. p 
CRY2K pCRY2KE, pCRY2KE, pCR 
Y 2 KXx pCRY3K pCRY3KEMpCRY 

[0 0 2 91 Jti2^7^^ K^^-pCRYSOSrUS 

* (Brevi bacterium stationis) IF012144 (F 
ERM BP-2515) frh77*% Kp BY 5 0 3 
(Z.(D'7*7 x ^ Kcog£$icoi>TfcM$§8¥l-9 5 7 8 
5^«#flB) DNA^ttfcbU ®mm%Xho IT* 
# $ asi& 4.0kb <D^7 * £ K0ttHJ8SUM&&*I £ 
ae*&£tfDNA»tf£9)?>ttJU MRfiliRE c o R 
I:fci;tJKKp n I T*££#j&2. 1 k b<D7'7A* K 
<o££f fcfcffi £ m Z> £ ^ t? D N A fr* £ 9 tfi 



■f. Z.tlh<Dmffiy\%77*x KpHSG 2 9 8 (S8 
iSSl) <DE c o R I . K p n I g&ft&tfS a 1 I SB&tC 
fi^i&tTwtlCj:?), 7*7^;K^^-pCRY30 

[0 0 3 01 ±SB:/7*$ K^^^— ^ 

*fciaS*7^^-DNA©»fiETI-DNA 

[0 0 3 11 -?y*% KpCRY3 0^©*3gWOA»r 
#<DagAi*, ^7*5 KpCRY3 0*«||fi»*Ec o 
R I -C0«8$li\ ^CtdfriBT^^/u h*7— -t?£n- 
KfSiB&f-^tfDNAdfK- (A«fr) 4rDNA!)^ 

-f"CM^^ar £ k j; 9 ft 5 - 1 6 0 

[00321 ^V>&0\^X&j8.£H%Zf7*% KpC 
RY3 0H*»W<O^:#*3a*l. 7 k bOAK/i'&W 

ALfcHft^^nu l- y vycO^iC^lC 
ffl^6rt^T'I^JflM^7^^ F©-ot$>»), *: 

^fbltlM^^; KpCRY30-AKt** 
tfc„ ^7^^KpCRY30-AK ©M^&^Pi 

[0 0 3 31 ^«>«t5fcbT5Sj*Sii5r^^yuh#^- 

t^r L - y S^SrScfclcSW «fc < 6 r t is pjiB t 
[0 0 3 41 *&W^£Z>zfy** K"CJB*IE*L5S 

71)^^*77/^1-2 3 3 (FERM BP-1 
4 9 7) , 7 > U^^f!)l)A'77^MJ-2 3 3 
-AB-41 (FERM BP-1 498) . ^UfcT/^ 
• 77^AMJ -2 3 3-ABT- 1 1 (F 
ERM BP-1 500) , TVf/^xy $J*- 7y 
^AMJ -2 3 3-ABD-2 1 (FERMBP-1 
4 9 9) *3ftS*lfe>ix5, 

[00 3 5J fc*5„ ±i£<OFERM BP-1498© 
*#HU FERM BP- 1 4 9 7ff>8Me&|Ufc£ LT 

-/Hf^tt»^«-efc6 «*^B8 5 9-28 3 9 8^ 
^B3~4flP|#^) 0 FERM BP-1 500 

O^ftcti, FERM BP- 1 4 9 7 L 
tLL-a~T%J&mY7>*7% 1— J VMfe&&g& 
XhZ> (#§8BS6 2-5 1 9 9 8-^9#ffil) . $ f> 
(C. FERM BP-1 4 9 9©IttliFERM BP- 
1 4 9 KDmft&M&tt LfcD-a-7;y|g^f7; 
^iB5JStt*«!|e-(»ib6 (#08036 1 -1 7 7 9 9 3 



loo3 6l ^i/^fyi) 

A • T '^y^^-T (Brevi bacterium ammoniagene 
s) ATCC6871, P1ATCC1 3745. [si AT 
CC 1 3 7 4 6 ; ^1/^/^7!) #A - ts<$ #^A 

(Brevi bacterium divaricatum) ATCC14020 ; 
/UWfU^^'^^^r^y^A (Brevibac 
terium lactofermentum) ATCC 1 3 8 6 9 ; 

$ y $ A • ^ %jjJ\ (Corynebac terium glutam 
icum) ATCC3 1 8 3 1 LT^S 

[0 0 3 7] #*5, ^iltynr/^f!J!>A'7 

7^AM J - 2 3 3S^I^^V^i^ 
%%-rZ>7y*% KpBY5 0 2 (^BS6 3-3 6 7 

pBY502^«:i^ U^ 0 
7*^ KpBY5 0 2S:^t5^tLm 

[Bact.Rev. jijS p. 361 —4 05 (197 2) # 
J$] * JigS^^T^ Kp BY 5 0 2 £ A&ftKH&frrS 

[0 0 3 8J ^l^^^r!) £A • 7 7^AMJ- 

2 3 3 ^w^^±lcpa§-r-5«Sor ^ y *J^*u 

y^(M :0.2-5 0iig/ml) fcLXf*^^ 
£A:/u ^ K «S : 0. 2-5 0 ft g/m 1 ) 
fri&ifctc. 1 m 1 ^»9^jl O*05SlC/^6i: 9t-*S^U. 

^w^^mg u<£*5 e>» 2 4 *$mm 3 5 t-caai 

5 KttW»flsSrm\ 7*7^^ KpBY5 0 2^*$ 
*vr^s#«:Wil-s 0 r©»ftMCj:0:/7*S KpB 
Y 5 0 2^§fc££Hfc;/utr^T y ?a • 77/^M 

j - 2 3 3 &xst***» e>tv^ 0 

[00391 5twbT^f>ft£:/^ev^7 i y ? 

A . 77^AMJ-2 3 3**11^^^15^7^^ F 

* #D htf^fcO^Tto^JxTV^JcSfc [Calvi 
n, N. M. and Hanawalt, P. C. , Journal of Bacteriolog 
y, 1 7 0 , 2 7 9 6 (1 9 8 8) ; Ito, K. , Nishid 
a, T. and Izaki. K. , Agricultural and Biological C 
hemistry, 5 2 , 2 9 3 (1 9 8 8) % DNA§ 

SlJ^CO^l^j&itiii [Satoh, Y. et a]., Journal of 

Industrial Microbiology, _5, 159 (1 9 90) ^ 
IB] ICiO^^^ K^WA+Srt^pJfttffcS. 

[0 0 4 01 ±IS^^&-C^M^*LT^bn5T^/< 

97 V 77/^MJ - 2 3 3f&3fe&<7J>m2l#&£ 

[00411 mmtt&mm* mmm. mw&f&Gttm 



[00421 a#. «**<0»tt* 

10, #*L<tt7-8f*iE£1-*;:*as-c#. igU* 
O p H«»ttttXH:r/W* y LT^t 9 c t a s T-t 

[ 0 0 4 3 I «XNI*&i#«>ttilHE(aft tt« »* L < 1 
[0 0 4 41 r©J:5fcLT»feJxa#*»j&»fe#** 

[0 0 4 51 L-!JS>V±J^*|C*5VvcWt, r*l£>(D 

[0 0 4 6] L^Lt^l^X^ ^/V3-^§: 4 

[0 04 7J t ±ie«««*XWtB#«fflJft 

V^T, U< 11^2 0-^4 Ot;. ^tCj^2 5-i^3 
[004 81 L - y t?^tt«it«. 

[004 9] 

[0 0 5 01 mfeffyi 

yHT^f!) !^A • 77^AMJ- 2 3 3 m&<DT X 

(A^rM") ^^n-^fk 

(A) 7'l/e , /^7!J »A > 7 7^AMJ - 2 3 3(P 
£DNAeD&tb 
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*^*««A»« [|BA:S*2g. (NH 4 ) 2 S0 4 7 
g> K 2 HP0 4 0. 5 g, KH 2 P0 4 0. 5 g. MgS 

0 4 0.5g, F e S0 4 * 7H 2 0 6m g, Mn S0 4 
4-6H 2 0 6mg, &S^**2.5g. %-f^;& 

5 g. \f^>2 0 0// g. »7^2 0 0m g. 
yyV^i — *2 0 g. ^@7jc 1 1] IliC, 

y £A - 77MM J - 2 3 3 (PERM BP-14 

9 7) &*t**«H»H*T?«*U »#«r*«>fco » 

e>Hfcs^^ lomg/mi <omm^ v v^—^^ts 

1 0 mM N a C 1 - 2 0 mM h V *tMftt ( p H 8 . 
0) - 1 mM EDTA-2NaS*l 5ml (CHWU 
fc„ ftlC;/nx^— t?K£. 100^g/m 

nc#*j;5fc«&flnu 3 7t:-ci«fiBi«fiLfc 0 se> 
5)i(5,oooxg 4 20m lo-nt) u 

±*WMr5MfcU ftIfcrhy*-&£0.3M&4*«fc 

fc. »e>*l£DNA£l 0mMhy*$8fi£ (pH7. 
5) - ImM EDTA • 2NatKK5m 1 4 

TC-e-BMWU «**<0lSI*fcJB^fc. 
[00 5 1] (B) &mz.&<DMM 
±IB (A) 3@-C#fc>^Utr^^xy !>A • 75/<AMJ 
-2 3 3(OiDNA^9 0|i 1 $r$j^lE c oR 

I 5 0units £rftt\ 3 71CC 1 HrlHKA £ 
*?L/c 0 :©EcoRlMDNA(:^n--y^ 

*-pHSG3 9 9 iffJiR) *«R»*Ec 

U 5 0mMhy^ttVTffi (pH7. 6) , 1 OmM^ 
ft^U^F- ImM ATP, lOmMMgCl 
2 WT 4 DNAy^f- lunit©#J*»«r»ftlL (# 

[00 5 2] (C) T Xs*A' h g — K~f"5 

■xjuh»« a-s^y tr- aycGsc 5074 

(thr Al 101, lys C1001, met L 

1000) -c*>$ [ ( ) rt«r*/</wf 

^ (Genotype) *r*+] «, ±ffi (B) ^'C^ftfcT' 
KMK&AV\ Jfifc^/Vv^Afc (Journalof Ho 
lecular Biology, 5 3 , 1 5 9, 1 9 7 0) fclJlUlft 
IB^ V* ytT*3UCGSC507 4Wt:B9tlBsW^ 
U ^a^A^m-n— /i^5 0 m g £^tn§^#J& [K 
2 HP0 4 7g. KH 2 P0 4 2g, (NH 4 ) 2 SQ 4 1 



g, MgS0 4 * 7H 2 0 0. 1 g, //^^2 0gS 

[0 0 5 3] z<D&i&±n*kmm&#m\c£'!>mftmm 

U 0^7*5 KDNASrlhtHU &^7*^ 

ffl^tB^fctr^* ^7^^ KpHSG3 9 9©fiS 
2. 2 k bWDNA^tC^jn^L, ££ft3. 8 k b COjfA 

[0 0 5 4] K£rpHSG3 9 9-AKir^l 

[0 0 5 5] (D) T^/vKt-f^J - Kj~5 
aMg^frfrfrDNAWrJi- (A) Wfr<0»^o-^^ 
±12 (C) ifiVftiZ'fyXS. KpHSG3 9 9-AKtC 
^£tl3DNAtfA8r>i-£. &£4tt#AfttlC/h3Hfc1- 
Ztz#>lz x y*y*^ KpUCl 1 9 (£ffijfiJ:!)7WIR) 

[0 0 5 6] ±12 (C) KpHSG3 
9 9-AKS:WlEcoRK Nrultfilfc 
fcOfc, ^7^^ KpUC 1 1 9frffiRaH?Ec oR 
K Sma ItWLfci^jl^L, SOmMhU^ 
ISffilfc (pH7. 6) , lOmM^f^^h^K 
ImM ATP. lOmM MgC 1 2 WT4DNA!J 

«&-?$>*) , 12t-C15^«$^ £^$i*r 

[0 0 5 7] »e»*ifc^7^? KB*S:fflv\ 

(Journal of Molecular Biology, 5 3 , 1 5 
9, 1 9 7 0) fcJifJMBac^y fcT- aSJCGSC 
50 7 4tic&7eiHE*U 7y^yy50mg^ftf 
3ft«i& [K 2 HP0 4 7 g v KH 2 P0 4 2 g, (NH 
4 ) 2 S0 4 lg.Mg S0 4 * 7H 2 0 0. 1 g, ffr-a 

-^20 &&xm?z i 6 g zm%A i i 

[0 0 5 8] rO*»±^»ttcfe«»C«t9?K*#* 
U >^ 7 KDNASrUfctUU ^7^> 

K«r*flRI**fcJ:9«n*U T3lf o-^^/u*»»»«r 
m^^xm^tctZZ, y*y*% KpUCl 1 9cog£ 
3.2 k bODNAK^lcAlx.. 7 k b cojfA 

DNA»r>t2) s ^i6bix^ 0 #a<0#JRr-«Wf Lfctt 
co s 7 kb<ODNA^<DMRH*RIRAtt 

^c*5 J: «D WrK>r«>* # * ttBMB* 1 1-^ L it k & *) V 

[0 0 5 9] *^±ia-C^c^7^^ K«r*«MRff* 

Tiaco^ 2 tr^-To 

[0 0 6 0] 
1^2] 
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&2 77^l«pUC119-AK 



BaiH I 

Bgi II 
Hind III 



i 

2 
2 



C 1 1 U/Co 

[00 6 1) WlCi^r^/L'h^t- tf&^-Ki" 

^ate^^tf***^*!. 7k boDNAW>t (e 

c oR 1 -B amH I Mft) 5rW:i:«^t 

[0062] nmm2 



nmwi<D (d) «t»e»*it7^^h*t«f*3 

- Ki--63tC^«:*tf»S38S» 1 . 7 k b ©DNARfr 
ICO^T, ^OJftXIB^IS:^^^ KpUCl 18££ 

i± P ucii9 (^jgi&ao &m**&r**isyL9 y 

^*^" K&iK& (dideoxy chain termination &) (Sahg 
er, F. et al., Proc. Nat. Acad. Sci. USA 7 4 , 54 6 
3, 1 9 7 7) lC«fc9@2lC^LfcW5BfcaoTft5£ 

[0 0 6 3] *©UEJI|it , ©t- -f^v-fj i/#y 

TfBIc^JIC^Jfi«E#J«:*i-S4 2 HBtfJT 
5 / BftSra-K-fS 1 2 6 3 0*SWJ:9«fiJc*nTV^ 

[0 0 6 4] 
Mb 4] 

3 



RY3 0£>ffr& 

(A) 7^7^^ KpBY5 0 3tO%g$g 
7*7^^ KpBY50 3H, 7*Hf/^7y!)A'^ 
1 FOl 2 1 4 4 (FERM BP- 2 5 1 

5) o^y/vh^y^* 

S K-CfoO, «H¥l-95 7 8 5-^«lCiB*<OJ:5 
tCUT^®iU^ e *£j*#*AJ»ifi Kl2g, (NH 
4 ) 2 S0 4 7g, K 2 HP0 4 0.5g, KH 2 P0 4 0. 
5g, MgS0 4 0.5g, FeS0 4 * 7H 2 0 6m 
g , M n S 0 4 • 4 ~ 6 H 2 0 6mg, 2 . 5 

g, T^if x y^5 g , my2oo/ig, M&T-rs 

V2 0 On g, 0 g&tf]Rt&*l 1] 1 1 

fc, ^l/^^ry^A • I FO 12 14 

4 U &#£m*>*: 0 *§P>*1 

fc*#«Tl 0mg/m 1 <^»g(ry 

[2 5mM Ml* (t Kn*5/>^) T%J*$ 
V, 1 OmMCOEDTA. 5 0mM^3^] 2 0m 



W»riWM>;fcSS (kb) 



4.9 

4.2, 0.6 
3.6, 1.2 

lfci»»U 3 7nc*T?ll*PiB»S**fc. Efi*feT/u 
*5)-SDS^ [0. 2N NaOH. 1% (W/V) S 
DS] 4 0ml»U tt^d^KAUXfifilC-Cl 

[5MB»*y^8«6 0mK ftttl 1. 5m K 
««*2 8. 5m 1 Ofi-e-Sat] 3 0ml»U 

[0 0 6 5]»ii^rat, 4"C-C10» 

m» 1 5, o o o x g ©a&$MBica»tt* ±?m*'& 
it. 

[0 0 6 61 ZH\zQM<oy * y — A*-* nnsfcrt/Ajft 
»Ut«L »'fc*K:#U fflfiT"C5#Hk 15,00 

0 x g <o»^»»C3ft»it, 5jcJf*r!sIiKLfc. 7KiiiC2fg 
m<n*L9 /—j^Mtl. -2 0t-ciM^Ii, 4t: 

-C 1 0#ISk 1 5, 0 0 0 x g<0»*fc5M*fc*»tt. ttm 

1 0 0 6 7 ] ttBfrMEftflftflL TEMR«[hy*l 
0mM v EDTA 1 mM ; HC 1 KtpH8. 0\Zffi 
S] 2ml(C^L7t p *«RSfctt[ft:-t^^AiS« [5 
ffiS&0>TEttflf»l OOmllClffct^Al 70 g 
*«**-frfc»i] lSralirlOrag/mlxfv;^ 
F^ilm I 3 92 g/ 

m 1 Ci^fc-frfco ro««Srl 2t:T?4 2WfBB, 11 
6.0 00 X g0>%b£fI£rlTofc o 

[0 0 6 8] KpBY5 0 3f4*^MMM#lCj: 

[0 0 6 9] ftv^lo^BKirMO^ 

3^T4@ft!!lltxfi;^A7*n^ Ktrttffi^ 
? K LTf§ tbtltt?? ^;KpBY5 03 &£tf 9«f K 

3 mim**- h y ? &tm%mnm& 3 0 mMca t 

2f&a^^y-^$r^^ v -20tlWlL 
fco r<D&f££ 1 5, 0 0 0 X g 0^<fr4MK&ft>tt~CD 
NA£tt®£i*\ 7"7^;KpBY5 0 3$:50yg# 

[00 7 0] (B) ^7^^ K^^"pCRY30 

7*7^^ KpHSG2 98 (SSitH) 0.5^gl;^J 
IS a 1 I (5 units) £ 3 7 1 1 BftSJRJfc $ ii\ 
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"/y*x KDNA££±(C#8?L7t<> 

[0071] giie (a) mxmni^t^y^^ k p by 

5 0 3(D2 ti giC&HSffi^Xh o I (lunit) £r3 7<C 
-C3 0#P^££i*\ -fv^% KDNA£$B###L 

a. #&m»m+<otiL&&Mt»m&t it^ 5 omM 

FU^®ipH7.6, 10mMMgCl 2 , 10m 
M^ft^W h-/K ImM ATPMT4 DNA 
y # — 1 unit X 0 (C#dE#fe3*ft u 1 6 1: 

^y J Ml 0 gn^r^ht/l/ (SSigJK) £J#W& 

10 0 7 2] flm&gM*tt3 0/i g/m 1 (AKSft) 
^tvf>y, lOO/zg/ml (SSKjflia) «!) I P 
TG (>T V^nt^-fl-D-^*/?^ Mf7/^ 
K) 100M/ml (ftttfttf) <OX-gal (5- 
do — 3 — <> V V /U— 

h^y^K) zttshmm (hy^hyiog, 

^5g, NaCl SgRTMBXl 1, pH7. 
2) -C3 7t{Ct2 4^TOtU LTWfctl 

fct><0*r*RU S-*^?** KSrT/u* y-SDStt 

[T.Haniatis, E.F. Fritsch, J. Sambrook, "Molecular 
cloning* (1 9 8 2) p 9 0 ~~ 9 1 #J&] \Z& 

[0 0 7 3] -£ff>j|ML 7*7^^KpHSG29 8©S 
a 1 I SB^iC^7^^ KpBYSO 3&3fetf)#j4. 0 k 
b<DWfii-dS#A*ixfc^7^5 KpHSG2 9 8 - o r 
i as»G>;lxfc 0 

[0 0 7 4] ^tC^(0^ife^^, WIB (A) ^"C^ 
ett^y^^^ KpBYS 0 3DNA^iHIWXKpn 
\RXfE c o R 1 ICT&31L"C»6jIx*»2. 1 k b(D 
DNAW>i-£J:S&^*$ KpHSG2 98-o r i <D 
Kp n I&tfE c o R I SM4^^n-->^L, 7*7^ 
5 K^^^pCRY3 0^IHLfco 

[0 0 7 5] JSflflH 

^7^^ KpCRY3 0-AK<OfffifcRr/3!/*S!*l« 

H}fe#Jltf> (C) KpHSG3 9 

9-AK Sug^J^EcoRI-NrulH 
Sunits m\,\ 3 7t*ei«^^»Ufe«D 
t. BamHl!) (SfiiSJ: 9 KfJIS) liil^H 

£*U 5 OmMh (pH7. 6) , 1 OmM 

'^f^^ H^, ImM ATP, lOmMMgC 
1 a *JJ:tfT4 DNA y tf 1 unit ©#ri&#£W!)0 

u (#j«^©M*tt**a«-ca!>s) , i 2t-ci 51$ 



[0 0 7 6] ZWDNA*fMBW#BamHI 3units 

«t/b^3 7^immKfc£^#MLtLb<Dh, mm 

W3V> (B) 1%-Q'&btl1tZf7X^ KpCRY30 1 
a g grffiliBRXB amH I limit 5rfflV\ 3 7tTCl 
#WEJS**#tf Lfcfc©«r»&U SOmMFM® 

(pH7.6) , lOmM^ft^KF^/K 1 
mM ATP, 1 OmM MgC 1 2 *Sj;tfT4 DNA 
y^f—tf lunit ©*JdM»Srl6ftl L (#f£#0»&tt£ 

^y tr * =* y cgscs o 7 4«srjg«E*L. 

W^50/ig/mimiTO [K 2 HP0 4 
7g, KH 2 P0 4 2 g. (NH 4 ) 2 S0 4 lg, MgS 
0 4 • 7H 2 O0. 1 g. ^3-^ 2 0 s&xm^l 6 

[0 0 7 7] - ©Sfiftio^WttESr**^ J: 9 

8. 6 k btDDNAWJi-ldto*., *t 3 1 . 7 k b<D}fA 
[0 0 7 8] ±|B©jta<BI»$nfc^9^5: KDNA 
[0 0 7 9] *5a/^^ifeSrffl^r»co4: 

[0 080] 7*l/^^r!J^A*77/UMJ-23 
3 (FERM BP-1497) 7*7^U*pBY50 
2l»**Sr 1 0 Om I <7>»EA*«J-C*t»J«aiI]»!*-e 

#M2 0m 1 (7^/1^ (2 7 2 mM 
Sucrose, 7mMKH 2 P0 4 . lmMMgCl 2 ;p 

H7.4) \zxmwi,it a $e>*c«#*iS'C?5WtLT* 
Btne-e#e>nfc^x^ kdnamsou i t 

(aW*? Ktfcf*) fcffl^T, 2 500^h, 2 5/i 
FDKK£U ^WW1 J IC2 0^MII 
fc 0 ii5r3ra 1 OifiBA#»fc|*L3 OtlCtl l$m 

*t^^l5Mg/ml <•*•*) 
trinIf2A&Xig*&fCfS&L 3 0t-C2-3 Bffli£*L 

(A) WctBfciDMfcSrffltvr;:/?** Kfc#fc. ::<*> 

>*7*S K*r#a«iis**-e«»fur, 

[008 1] 
[2*3] 
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&3 7yX$ Hp CRY 3 O-AK 



5pCR 
Y3 0-AKi*4lfc. 

[0 0 8 2] 7=7*^ KpCRY3 0-AK(Ci: 

^g$aft$tlfcyi/^r!)^A - 77^AM J 2 
3 3-AKi*, ^10<tfMlTSl#3traI 

«"C : flkXfflfllFff 1 2 6 5 8^ (FERM P-12 
6 5 8) t LT#ttSil-C(f^. 
[00 8 3] H2fe095 



mwmm 


umuok 


«tW»fr<D*€fS (kb) 


EcoRI 
BamHI 


2 
1 


8.6. 1.7 
10.4 



•fy^x KpCRY30-AKO$M 
•rteOAi§fl!ll 0 Om 1 £5 0 Om 1 &^ftyyX=*iC 
i 2 ot-ci 5»m«««yfflLfct<0JC, 

J 2 3 3-AKMU 3 0tlCT2 4Wia^t 
&fTofc&, |S!«jCLXH»bfcA*tfSl 0 Om 1 £5 
0 0ml^77^3|^au 12 0ttl5^ 
Kllfct©^ lm 1 5 Ocells tf>£J£*Klft5 

J:5fc«*u ^i:<3oti:t2 4Mii^i^ 

U 3 0t;tCTl 0«*»£«3n=-£r#*>hL 
[0 0 8 4] ^©J|**, yfr^Wi^lfeta&itf&^D 

[0 0 8 5] H%#)6 



L-y ^v<z>£M 

«P» tR*0.4% % «B7>^!>A1.4%, KH 2 
P0 4 0.05%. K 2 HP0 4 0.05%, MgS0 4 - 
7H z O 0.0 5%, C a C 1 2 • 2H 2 0 2ppm, F 
e S0 4 • 7H 2 0 2 p pm, Mn S 0 4 * 4^6 H 2 0 
2ppm, ZnS0 4 -7H 2 0 2ppm, NaCl 2 
ppm. Wy200/ig/l, fT^'HCl 
lOO^g/1, X-f^/mo. 1%, g?#^*;*0. 1 
%) 100ml$'5 0 0mli£^77^3|:^ i$ 
m(S£M&pH7.0) Lfc^l^e/^f!)!>A-7 
ys<J* (Brevibacterium flavum) MJ 233-AK 
(FERM P-l 2 6 58^) **MU ftlSttlC^ 

/U3-^«r5g/i©»««c/j:5J:9icJDx., 3 0t:ic 



10 0 8 6] 

7y^!>A2.3%, KH 2 PO 4 0. 0 5%, K 2 H P 
0 4 0. 0 5%. Mg S0 4 • 7H z O 0. 0 5%, F e 
S0 4 • 7H z O 2 0 p pm, Mn S0 4 * 4~6H 2 0 
20ppra, \?tt>2 0 0m fr^-HC 
1 100ug/K ii^fX /SfO. 3%, B&xu** 

0. 3%) <D1 0 0 0ml £2 1 »a««4WtJCfti& 

^, (not, 2o»B) mem#ikito^2 

0m 1 OTLt, (BltiKl OOOrpm, iiAlc 1 v 
vm, 1^33^ pH7. 6fcT2 4B3f|B#i|*rf?o 

[0 0 8 7] *g2S&7&, SlftSOOmlHS't* 

»^t*h^, «aa«*jcr2«a»LfcB*srsts 

& [ (NH 4 ) 2 S0 4 2g/l ; KH 2 P0 4 0. 5 g/ 
1 ; KH 2 P0 4 0.5g/l ; Mg S0 4 • 7H 2 0 0. 
5g/l ;FeS0 4 -7H 2 0 20ppm;MnSO 4 
- 4 — 6 H 2 0 20ppm;f7^ 100/ig 
/\ ;pH7.6] ^lOOOmliC®®^, WMm& 
Sr 2 1 *fflflMif*i;:tt&** ^/Ha-* 9 g Sr^jtBU 

IhU!g&3 OOrpm, ifi^flO. 1 wm, U&3 
3t:, pH7.6JCT2 4*Mfi[lS:€:fTofc 0 
[0 088] S^T^, xl>k#f$ (4 0 0 0 r p m, 
15#ffl, 41C) ltX»»Lfc±*«+(OL-y i?^Sr 

1. 5 g/ 1 -Cfco/Co 

[0 0 8 9] :^TOTWiiS5 0 0ral & 
Sfctt »-f * V2Sfc*ttflB (H + ffl) 0>#7Afc«LTL- 

JH£*fcflU L-y 3»w#*«itu ft^y-^-o 

L-JJ^V©»ft&ffffi**fc. 4 0 0mg 

[0 0 9 0] *fc % tt$SE#li:LT, H«<D*fMcT, y 
Hf^f 11 £A • yys<& (Brevibacterium flavu 
m) MJ-233 (FERM BP-1 4 9 7) 
U IBWoftWfcXR^^Htfc^ii***© L-y i^y 

fc*0. 6 g/lt'fcot 
[009 1] 
lit 5] 

^SrdtfDNAW^OifcaR^fciS^JWfjfettiH. 

[0 2] $ l . 7 k b 05*3BWDNAWf>i-<Oifi 
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Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

Glu Arg He Arg Asn Val Ala Glu Arg He Val Ala Thr Lys Lys Ala 

20 25 30 

Gly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

Glu Het Asp Bet Leu Leu Thr Ala Gly Glu Arg lie Ser Asn Ala Leu 
65 70 75 80 

Val Ala Met Ala lie Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

Lys lie Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

Ut2Z<D2] 
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Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Val 

165 170 175 

Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 

190 195 200 

Ser Lys He Leu Val Leu Arg Ser Val Clu Tyr Ala Arg Ala Phe Asn 

205 210 215 

Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

He Ala Gly Ser Net Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

Ala Glu He Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 

Hfc2*<D3] 
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Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Cln Gly Asn Trp Thr 



320 



325 



330 



Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 



335 



340 



345 



Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 



350 



355 



360 



Arg Asp Val Asn Val Asn lie Glu Leu He Ser Thr Ser Glu lie Arg 



365 



370 



375 



He Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 



380 



385 



390 



400 



Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 



405 



410 



415 



Ala Gly Thr Gly Arg 



420 
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[EM] 

GTC GCC CTG CTC GTA CAG AAA TAT GGC GGT TCC TCG CTT GAG AGT GCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

CAA CGC ATT AGA AAC GTC GCT CAA CGG ATC GTT GCC ACC AAG AAG GCT 
Glu Arg He Arg Asn Val Ala Glu Arg He Val Ala Thr Lys Lys Ala 

20 25 30 

GCA AAT AAT GTC GTG GTT GTC TGC TOC CCA ATC GGA GAC ACC ACG GAT 
Gly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCG CCA GTG AAT CCC GTT CCG CCA GCT CGT 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG GAT ATG CTC CTG ACT GCT GGT GAG CGT ATT TCT AAC GCT CTC 

Glu Bet Asp Het Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 

65 70 75 80 

GTC GCC ATG GCT ATT GAG TCC CTG GGT GCA GAG GCT CAA TCT TTC ACG 

Val Ala Het Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

GCT TCT CAG GCT CGT GTG CTC ACC ACC GAG CGT CAC GGA AAC GCA CGC 

IflS3*<B2l 
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Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg Wis Gly Asn Ala Arg 

100 105 110 

ATT CTT GAT GTC ACT CCA GGT CGT GTG CGT GAA CCA CTC GAT GAG CGC 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAC ATC TGC ATT GTT GCT GGT TTC CAG GGT GTC AAT AAG GAA ACC CGC 
Lys He Cys lie Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT GTC ACC ACG TIG GGT CGC GGT GGT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Val 

165 170 175 

CAC GGC GTG TAC ACC GCT GAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC ACC TTC GAA GAA ATC CTG GAA CTT GCT GCT GTT GGC 

lik3Z<D3) 
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I^u Gtu Lys Leu Ser Phe Glu Glu Ket Leu Glu Leu Ala Ala Val Gly 

190 195 200 

TCC A AG ATT TTG GTG CTA CGC ACT GTT GAA TAC GCT CGT GCA TTC AAT 
Ser Lys lie Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

GTG CCA CTT CGC G7A CGC TCC TCT TAT AGC AAT GAT OCC CGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 

220 225 230 235 

ATT GCC CGC TCT ATG GAG GAT ATT CCT GTG GAA GAA GCA GTC CTT ACC 

He Ala Gly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

GGT GTC GCA AOC GAC AAG TCC GAA GCC AAA GTA ACC GTT CTG GGT ATT 

Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly lie 

255 260 265 

TCC GAT AAG CCA GCC GAG GCT GCG AAG GTT TTC CGT GCG TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTC GAA 
Ala Glu lie Asn He Asp let Val Leu Gin Asn Val Ser Ser Val Glu 
285 290 295 
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GAC CCC ACC ACC GAC ATC ACG TTC ACC TGC CCT CGC TCT CAC GGA CGC 
Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 

CCT GCG ATG GAG ATC TTG AAG AAG CTT CAG GTT CAG GGC AAC TGG ACC 
Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Cln Gly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCG 
Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

335 340 345 

CGC ATG AAG TCT CAC CCA GGT GTT ACC GCA GAG TTC ATG GAA GCT CTG 
Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 

350 355 360 

CGC GAT GTC AAC GTG AAC ATC GAA TTG ATT TOC ACC TCT CAG ATC CGC 
Arg Asp Val Asn Val Asn He Glu Leu He Ser Thr Ser Glu He Arg 

365 370 375 

ATT TCC GTG CTG ATC CGT GAA GAT GAT CTG GAT GCT GCT GCA CGT GCA 
He Ser Val Leu lie Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

CTG CAT GAG CAG TTC CAG CTG GGC GGC GAA GAC GAA GCC GTC GTT TAT 

Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Va] Val Tyr 

405 410 415 

GCA GGC ACC GGA CGC 
Ala Gly Thr Gly Arg 

420 
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[iE?'|] 

GTC GCC CTG GTC GTA CAG AAA TAT GGC GGT TCC TCG CTT GAG ACT GCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Cly Ser Ser Leu Glu Ser Ala 

15 10 15 

GAA CGC AH AGA AAC GTC GCT GAA CGG ATC GTT CCC AOC AAG AAG GCT 
Glu Arg He Arg Asn Val Ala Glu Arg He Val Ala Thr Lys Lys Ala 

20 25 30 

GCA AAT AAT GTC GTG GTT GTC TGC TCC GCA ATG GGA GAC ACC ACG GAT 
Gly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCG GCA GTG AAT CCC GTT CCG CCA GCT CGT 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG CAT ATG CTC CTG ACT GCT GGT GAG CGT ATT TCT AAC GCT CTC 
Glu Met Asp let Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

GTC GCC ATG GCT ATT GAG TCC CTG GGT GCA GAG GCT CAA TCT TTC ACG 
Val Ala Met Ala lie Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

GGT TCT CAG GCT GCT GTG CTC ACC ACC GAG CGT CAC GGA AAC GCA CGC 

Ifl:4t<D2l 
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Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His GLy Asn Ala Arg 

100 105 HO 

ATT GTT GAT GTC ACT CCA GGT CGT GTG CGT GAA GCA CTC GAT GAG GGC 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TCC ATT GTT GCT GGT TTC CAG GGT GTC AAT AAG GAA ACC CGC 
Lys He Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT CTC ACC ACG TTG GGT CGC GGT GGT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA GCT GCT CTG A AC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

GAC GGC GTG TAC ACC GCT GAC COG CGC ATC GTT (XT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT CGC 
Leu Glu Lys Leu Ser Phe Glu Glu Bet Leu Glu Leu Ala Ala Val Gly 
190 195 200 

l{t4*<D3} 
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TCC A AG ATT TTG GTC CTA CGC AGT GTT GAA TAC OCT CGT GCA TTC AAT 
Ser Lys lie Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

G7G CCA CTT CGC CTA CGC TCG TCT TAT AGC AAT GAT CCC CGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

ATT CCC CGC TCT ATG GAG GAT ATT OCT GTG GAA GAA GCA GTC CTT ACC 
He Ala Cly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

CGT GTC GCA ACC CAC AAG TCC GAA GCC AAA GTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

TCC GAT AAG CCA CGC GAG GCT GCG AAG GTT TTC CGT GOG TTC GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTC GAA 
Ala Glu He Asn lie Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

GAC GGC ACC ACC GAC ATC ACG TTC ACC TGC CCT CGC TCT CAC GGA CGC 
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Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 

CGT GCC ATG GAG ATC TTG AAG AAG CTT CAG GTT CAG GGC AAC TGG ACC 
Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCG 
Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 

335 340 345 

GGC ATG AAG TCT CAC CCA GGT GTT ACC GCA GAG TTC ATG GAA GCT CTC 
Gly Bet Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 

350 355 360 

CCC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Val Asn Val Asn He Clu Leu He Ser Thr Ser Glu He Arg 

365 370 375 

ATT TCC GTG CTG ATC CGT GAA GAT GAT CTG GAT GCT CCT GCA CGT GCA 
He Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

CTG CAT GAG CAG TTC CAG CTG GGC GGC GAA GAC GAA GCC GTC GTT TAT 
Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 

405 410 415 

GCA CCC ACC CGA CGC 
Ala Gly Thr Gly Arg 

420 
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E^OI £ : 1263 

YXv's- : mm 

E?iJ©ffl3® : Genomic DNA 

: MJ233 

#a*a-ri5^ : peptide 
: 1-1263 

GTG GCC CTG GTC GTA CAG AAA TAT GGC GGT TCC TCG CTT GAG AG! GCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

GAA CGC ATT AGA AAC GTC GCT GAA CQG ATC GTT GCC ACC AAG AAG GCT 
Glu Arg He Arg Asn Val Ala Glu Arg lie Val Ala Thr Lys Lys Ala 

20 25 30 
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CGA AAT AAT GTC GTG GTT GTC TGC TCC GCA ATG GGA GAC ACC ACG GAT 
GLy Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA GAA CTT GCT GCG GCA GTG AAT CCC GTT CCG CCA GCF CGT 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG GAT ATG CTC CTG ACT GCT GGT GAG OGT ATT TCT AAC GCT CTC 
Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

GTC CCC ATG GCT ATT GAG TCC CTG GGT GCA GAG GCT CAA TCT TTC ACG 
Val Ala Ket Ala lie Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

GGT TCT CAG GCT GGT GTG CTC ACC ACC GAG CGT CAC GGA AAC GCA CCC 
Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

ATT GTT GAT GTC ACT CCA GGT CGT GTG CGT GAA GCA CTC GAT GAG GGC 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TGC ATT GTT GCT GGT TTC CAG CGT GTC AAT AAG GAA ACC CGC 
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Lys He Cys He Val Ala Giy Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT GTC ACC ACG TTG GGT CGC GCT GGT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leo Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

GAC GGC CTG TAC ACC GCT GAC CCG CGC ATC GTT CCT AAT GCT CAG A AG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 

190 195 200 

TCC AAG AH TTG GTG CIA CGC AGT GTT GAA TAC GCT CGT GCA TTC AAT 
Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

CTG CCA CTT CGC GTA CGC TCG TCT TAT AGC AAT GAT CCC GGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 
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ATT CCC GGC TCT ATG GAG GAT ATT CCT GTC GAA GAA GCA GTC CTT ACC 
He Ala Gly Ser Met GIu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

CGT GTC GCA ACC GAC AAG TCC GAA GOC AAA GTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Cly He 

255 260 265 

TCC GAT AAG CCA GGC GAG GCI GCG AAG GTT TTC CGT GCG TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTG CAA 
Ala Glu lie Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

GAC GGC ACC ACC GAC ATC ACG TTC ACC TGC CCT CGC TCT GAC GGA CCC 
Asp Gly Thr Thr Asp lie Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 

300 305 310 315 

CGT GCG ATG GAG ATC TTG AAC AAG CTT CAG GTT CAG GGC AAC TGG ACC 
Arg Ala Met Glu lie Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCG 
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Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val GLy Ala 



335 



340 



345 



GGC ATG AAG TCT CAC CCA GGT GTT ACC GCA GAG TTC ATG GAA GCT CTG 
Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met GIu Ala Leu 



350 



355 



360 



CGC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Val Asn Val Asn He Glu Leu lie Ser Thr Ser Glu lie Arg 



365 



370 



375 



ATT TCC GTG CTG ATC CGT GAA GAT GAT CTG GAT GCT GCT GCA CCT CCA 
lie Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 



380 



385 



390 



400 



CTG CAT GAG CAG TTC CAG CTG GGC GGC GAA GAC GAA GCC GTC GTT TAT 
Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 



405 



410 



415 



CCA GGC ACC GGA CGC 



Ala Gly Thr Gly Arg 



420 



mi] 



Nful 



Pal 

Pvul 



Xbol Ncol BglX 
_J I L_ 



Hindi 

Li 



Pall 9gil 



ft 1.7Kb 



HttfUL Pvd PvuE 
Htentoral I EcoRI 
I 1 I 1 I 



H200bp 



[E12] 



Nrul 
1_ 



Pill 
Pvul 



Xbol MCOI 89H 
,1J L_ 



Hmcn 
J 



p»ti eflia 

HlrtdH Pvul Pvul 



I 1 2O0 bp 
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